Aspects of the Life History of Three Catostomids Native to the Upper Colorado River Basin by McAda, Charles W.
Utah State University 
DigitalCommons@USU 
All Graduate Theses and Dissertations Graduate Studies 
5-1977 
Aspects of the Life History of Three Catostomids Native to the 
Upper Colorado River Basin 
Charles W. McAda 
Utah State University 
Follow this and additional works at: https://digitalcommons.usu.edu/etd 
 Part of the Terrestrial and Aquatic Ecology Commons 
Recommended Citation 
McAda, Charles W., "Aspects of the Life History of Three Catostomids Native to the Upper Colorado River 
Basin" (1977). All Graduate Theses and Dissertations. 8230. 
https://digitalcommons.usu.edu/etd/8230 
This Thesis is brought to you for free and open access by 
the Graduate Studies at DigitalCommons@USU. It has 
been accepted for inclusion in All Graduate Theses and 
Dissertations by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
ASPECTS OFTHE LIFE HISTORY OF THREE CATOSTOMIDS NATIVE 
TO THE UPPER COLORADO RIVER BASIN 
by 
Charles W. McAda 
A thesis submitted in partial fulfillment 






MASTER OF SCIENCE 
in 
Wildlife Science 
Dean of Graduate School 





I am particularly grateful to my major professor, Dr. Richard S. 
Wydoski, for his enthusiastic support and guidance throughout this 
project. My committee members, Ors. Charles W. Fowler and Donald 8. 
Porcella, provided valuable assistance during the study. Dr. Fowler 
was especially helpful with the data analysis. Dr. Richard A. Valdez 
reviewed an early version of this thesis. 
The field work could not have been accomplished without the 
assistance of Karl Seethaler, Craig Reger, Larry Maclain, Dennis Cox, 
and John Henderson. Kurt Rudd, Kevin Priest, Calvin Larson, Jay King, 
and Mrs. Joy Wydoski helped with the laboratory work. 
Mr. George Kidd, formerly of the Colorado Division of Wildlife, 
willingly shared his intimate knowledge of the Colorado River, for 
which I am thankful. The interest of Steve Petersburg and Joe 
Alston, of the Dinosaur National Monument, is gratefully acknowledged. 
This study was funded by the U. S. Fish and Wildlife Service 
Contract No. 14-16-0008-1140. The Utah Cooperative Fishery Research 
Unit provided equipment and laboratory space. 
Charles W. McAda 
ACKNOWLEDGMENTS 
LIST OF TABLES 
LI ST OF FIGURES 
ABSTRACT 
INTRODUCTION 
TABLE OF CONTENTS 
DESCRIPTION OF STUDY AREA 
MATERIALS AND METHODS 
Physical Parameters 
Collection of Fish 
Movement 
Fecundity 
Age and Growth 
RAZORBACK SUCKER, Xyrauchen texanue (ABBOTT) 
Distribution and Abundance . 
Age and Growth 
Length-weight relationship 





Yampa River . . . 
Walter Walker Wildlife Area 
Summary of movement 




























TABLE OF CONTENTS (Continued) 
FLANNELMOUTH SUCKER) Catostomus Zatipinnis 
BAIRD AND GIRARD 
Distribution and Abundance 
Age and Growth 
Length-weight relationship . . 
Body length-scale radius relationship 





Food Habits . 
BLUEHEAD SUCKER) Catostomus discoboZus COPE. 






































LIST OF TABLES 
Table 
1. Numbers of razorback suckers collected from the upper 
Colorado River basin, by dates and location, August 
V 
Page 
1974-May 1976 20 
2. Relative abundance of fish collected with trammel nets 
at Echo Park, Dinosaur National Monument, 1974-76 21 
3. Relative abundance of fish collected with trammel nets 
at Castle Park and Lily Park, Yampa River, 1975 22 
4. The percentage of native and introduced fish from 
different locations in the upper Colorado River basin 24 
5. Relative abundance of fish collected with trammel nets 
in the Walter Walker Wildlife Area, Colorado, 
1974-76 25 
6. Relative abundance of fish collected with trammel nets 
at sampling sites along the Green River, Utah, 
1974-75 27 
7. Average total lengths by age and sex for razorback 
suckers from the Colorado, Yampa and Green Rivers, 
1974-76. Data under each heading includes, in order: 
mean, range, sample size and standard deviation for 
samples of four fish or more 32 
8. Physical characteristics of spawning sites in the 
Yampa River used by razorback and flannelmouth 
suckers, 1975 37 
9. Sampling error in estimating the fecundity of two 
razorback suckers by a gravimetric method 38 
10. Fecundity of razorback suckers from the Green River 
in Dinosaur National Monument. 39 
11. Mean calculated total length at the end of each year 
of life for flannelmouth suckers from the Colorado 
River, 1975 59 
12. Mean calculated total length at the end of each year 
of life for flannelmouth suckers from the Yampa and 
Green Rivers, 1975 60 
vi 
LIST OF TABLES (Continued) 
Table Page 
13. Relation of age to sexual maturity for flannelmouth 
suckers from the Colorado and Yampa Rivers, 1975 67 
14. Relation of size to sexual maturity for flannelmouth 
suckers from the Yampa, Green, Colorado and Gunnison 
Rivers, 1975-76 68 
15. Percentage error in estimating fecundity of flannel-
mouth suckers using the gravimetric method 71 
16. Relation of size to sexual maturity for bluehead 
suckers from the Yampa, Green, Colorado and Gunnison 
Rivers, 1975-76 80 
17. Percentage error for estimating fecundity of bluehead 
suckers using the gravimetric method 84 
vii 
LIST OF FIGURES 
Figure Page 
1. Native catostomids of the upper Colorado River basin: 
razorback sucker, Xyrauchen texanus (top), flannel-
mouth sucker, Catostomus Zatipinnis (center) and 
bluehead sucker, Catostomus disoobolus (bottom photo) 4 
2. Location of sampling sites on the Colorado, Green 
and Yampa Rivers, Utah-Colorado 7 
3. Views of Echo Park (top photo) and Whirlpool Canyon 
in the Green River below the confluence with the Yampa 
River 8 
4. Historical (all circles) and present (solid circles 
only) distribution of the razorback sucker in the 
Colorado River basin 17 
5. Length-weight relationship for male (M) and female (F) 
razorback suckers from the Walter Walker Wildlife Area, 
Colorado River, 1974-75 29 
6. Length-weight relationship for male (M) and female (F) 
razorback suckers from the Green and Yampa Rivers, 
1974-75 30 
7. Location of gravel bars in the Yampa River used for 
spawning by razorback and flannelmouth suckers, 
1975-76 36 
8. Gravel bar near the mouth of the Yampa River used for 
spawning by razorback and flannelmouth suckers 36 
9. Movement of razorback sucker 11A11 in the lower Yampa 
River, as determined by tracking with ultrasonic 
transmitters, May 1975 41 
10. Movement of razorback sucker 11811 in the lower Yampa 
River, as determined by tracking with ultrasonic 
transmitters, May 1975 42 
11. Movement of razorback suckers II C11 and 11011 in the 
lower Yampa River, as determined by tracking with 
ultrasonic transmitters, May 1975 43 
LIST OF FIGURES (Continued) 
Figure 
12. Movement of razorback sucker 11E11 in the lower Yampa 
River as determined by tracking with ultrasonic 
viii 
Page 
transmitters, May 1975 44 
13. Historical (all circles) and present (solid circles 
only) distribution of the flannelmouth sucker in the 
Colorado River basin 49 
14. Length-weight relationship for male and female flannel-
mouth suckers from the Colorado and Gunnison Rivers, 
1975-76 52 
15. Length-weight relationship for male and female flannel-
mouth suckers from the Yampa and Green Rivers, 1975-76. 53 
16. Relation between scale radius and total body length for 
male flannelmouth suckers from the Colorado River, 1975 54 
17. Relation between scale radius and total body length for 
female flannelmouth suckers from the Colorado River, 
1975 . 55 
18. Relation between scale radius and total body length 
for male flannelmouth suckers from the Yampa River, 
1975 . 56 
19. Relation between scale radius and total body length 
for female flannelmouth suckers from the Yampa River, 
1975 . 57 
20. Growth in total length (upper curves) and length 
increments (lower curves) of flannelmouth suckers from 
the Colorado River, 1975 . 62 
21. Growth in total length (upper curves) and length 
increments (lower curves) of flannelmouth suckers from 
the Yampa River, 1975 63 
22. Age specific fecundity of flannelmouth suckers from 
the Gunnison River, 1976 . 69 
23. Age specific fecundity of flannelmouth suckers from 
the Yampa River, 1975 70 
24. Relation between total length and fecundity for 
flannelmouth suckers from the Yampa River, 1975-76 72 
25. Relation between total length and fecundity for flannel-
mouth suckers from the Gunnison River, 1976 73 
ix 
LIST OF FIGURES (Continued) 
Figure Page 
26. Relation between total length and fecundity for 
flannelmouth suckers from the Colorado River, 1975 74 
27. Distribution of the bluehead sucker in the western 
United States. Data from Figure 17 in Smith [1966] 77 
28. Relation between fecundity and total length for 
bluehead suckers from Echo Park on the Yampa River, 
1975-76 82 
29. Relation between fecundity and total length for bluehead 
suckers from the Colorado (1975) and Gunnison (1976) 
Rivers 83 
ABSTRACT 
Aspects of the Life History of Three Catostomids Native 
to the Upper Colorado River Basin 
by 
Charles W. McAda, Master of Science 
Utah State University, 1977 
Major Professor: Dr. Richard S. ~Jydoski 
Department: Wildlife Science 
X 
The distribution, abundance and life history were studied for three 
catostomids -- the razorback sucker (Xyrauchen texanus), the flannel-
mouth sucker (Catostomus Zatipinnis), and the bluehead sucker 
(Catostomus disccboZus) -- all native to the upper Colorado River 
basin. The razorback sucker has declined in abundance due to man's 
impact upon the system and it has been recommended that this species 
be listed as ''threatened" on the U. S. Department of the Interior's 
list of Threatened or Endangered species [Personal corrmunication, 
G. C. Kobetich, U. S. Fish and Wildlife Service, Las Vegas, Nevada]. 
During this investigation, razorback suckers were found in relatively 
large concentrations at the mouth of the Yampa River and in a flooded 
gravel pit connected to the Colorado River near Grand Junction, 
Colorado. Flannelmouth and bluehead suckers were collected in large 
numbers throughout the study area. 
Razorback and flannelmouth suckers spawned in April and May, 
when water temperatures were between 6 and 15 C. Bluehead suckers 
spawned later (June and early July) when water temperatures exceeded 
xi 
15 C. It can be inferred from this study that razorback suckers made 
a spawning migration, but the data are insufficient to draw any 
conclusions about the pervasiveness of this phenomenon. There was 
no evidence that flannelmouth or bluehead suckers made a spawning 
migration. 
Fecundity of razorback suckers was variable and ranged from 24,490 
for a fish 529 mm in total length (TL) to 76,576 eggs for a fish 485 mm 
TL. The youngest razorback sucker that was collected during this study 
was age IV; all razorback suckers were mature. Flannelmouth suckers 
first matured at age IV and most fish were mature by age VII. 
Flannelmouth sucker fecundity ranged from 4,000 eggs (450 mm TL) to 
40,000 eggs (500mmTL). Bluehead suckers produced as few as 4,000 
(340 mm TL) and as many as 20,000 eggs (430 mm TL). Bluehead and 
flannelmouth suckers from the Colorado River produced significantly 
greater numbers of eggs than fish of equivalent lengths from the Green 
and Yampa Rivers. 
Razorback and flannelrnouth suckers collected in 1974-76 attained 
a maximum age of nine years. Razorback suckers from the Colorado 
River were significantly longer than fish of the same age from the 
Green and Yampa Rivers. Flannelmouth suckers from the Colorado River 
were significantly heavier than fish of equivalent lengths from the 
Green and Yampa Rivers. The differences in fecundity and growth rates 
for fish from the two locations can probably be attributed to 
differences in temperature between the rivers. 
(116 pages) 
INTRODUCTION 
The Colorado River system in the western United States has been 
greatly modified during the past century, primarily by the construction 
of dams for hydroelectric power generation and irrigation. The dams 
have resulted in major hydrological and ecological changes in the large 
rivers of the basin [Dolan, Ha,Jard and Gallenson, 1974]. The river 
environment below the dams has been altered in three major aspects: 
l) seasonal fluctuations in streamflow have been reduced and daily 
fluctuations have been increased, 2) sunmer water temperatures are 
lower and winter water temperatures are higher, and 3) turbidity is 
reduced. Modifications of such proportions usually result in large 
variations in the aquatic fauna found downstream [Pearson, Kramer, 
and Franklin, 1968; Vanicek, Kramer, and Franklin, 1970; Geen, 1974]. 
The dams and their alteration of the river environment are 
believed to be major factors in the decline of four endemic Colorado 
River fishes; the Colorado squawfish (?tychocheilus lucius), the 
humpback chub (Gila cypha), the bonytail chub (Gila elegans) and the 
razorback sucker 1 (Xyrauchen texanus)[Vanicek, Kramer, and Franklin, 
1970; Minckley, 1973; Holden and Stalnaker, 1975b]. The first two 
fish have been officially designated 11endangered11 by the u. s. 
Department of the Interior (1973], and the latter two were proposed 
1 Biologists who are presently working with this species prefer the 
common ame of "razorback" sucker rather than 11humpback11 sucker as 
used by Bailey [1970]. Razorback is a literal translation of 
Xyrauchen and its use avoids possible confusion of the razorback 
(humpback) sucker with the humpback chub. 
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for designation as "endangered" and "threatened" respectively by the 
Desert Fishes Council in 1975 [Personal communication, G. C. Kobetich, 
U. S. Fish and Wildlife Service, Las Vegas, Nevada]. 
The fish fauna of the Colorado River basin is unique because 74% 
of the native fish are endemic to the basin [Miller, 1958]. All of 
the endemic species still remain in the upper basin, but most of the 
large-river fish have been eliminated from the lower basin [Minckley, 
1973]. Expansion of water development in the upper basin now 
jeopardizes the remaining habitat of the native fish. Dams have been 
proposed for the upper Colorado River and its tributaries that may 
cause the extinction of some native forms. In addition, water from 
the basin will play a vital role in the extraction of energy resources 
(e.g., oil, oil shale, coal and uranium) that are found in this area 
of the western United States. The added demands will further reduce 
the quality and quantity of water in the basin. 
The introduction of exotic species is also believed to have a 
detrimental impact on the native fauna [Miller, 1961]. Holden and 
Stalnaker [1975a] recorded 10 native fish species (35%) and 19 
introduced species (65%) in the main stems of the upper Colorado River. 
Alterations of the river environment have produced a favorable 
environment for exotic species, which have become so numerous that 
competition for food and space may be a major factor in the decline 
of native fishes [Miller, 1961; Minckley and Deacon, 1968; Minckley, 
1973; Holden, 1973]. Seethaler, McAda and Wydoski [1977] outlined 
many of the factors involved in the decline of the native fish fauna. 
Holden and Stalnaker Il975a] believed that the Yampa River in 
northwestern Colorado plays a vital role for the continued existence 
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of endemic fishes in the upper basin. This study was initiated to 
determine the importance of the Yampa River in the ecology of the 
razorback sucker (Figure l) and to locate other reaches inhabited by 
this species. In addition, life history information was collected on 
two other indigenous suckers that are still abundant in the upper 
Colorado River basin -- the flannelmouth sucker, Catostomus latipinnis, 
and the bluehead sucker, C. disccholus (Figure 1). 
The depletion and extinction of native fish has alarmed many 
biologists and certain segments of the public in recent years [Minkley, 
1965; Minkley and Deacon, 1968; Miller, 1961, 1963, and 1972; Deacon, 
1968; Constantz, 1974; Reiger, 1977]. The result has been increased 
efforts to insure the preservation of the native species. Natural 
resource managers, traditionally oriented toward sport fish and wild-
life, must assume the responsibility for the management of native 
fish [Pister, 1976]. Habitat requirements, distribution, abundance 
and life hi story data are needed to facilitate the management of these 
species. This information is particularly important to the fish of 
the Colorado River basin. The water of the basin is in great demand 
and will undoubtedly continue to be developed [Crawford and Peterson, 
1974]. In order to minimize the impacts of further alterations on 
the native fish, their ecological and biological requirements must be 
known. This study was designed to increase that knowledge. The 
objectives of this study were: 
l. To monitor the distribution and relative abundance of the 
endangered fish species, as well as of other species, found in the 
Colorado River drainage. 
2. To determine movements of the razorback sucker, with special 
Figure 1. Native catostomids of the upper Colorado River basin: 
razorback sucker, Xyrauchen texanus (top), flannelmouth 
sucker, Catostomus latipinnis (center), and bluehead 




emphasis on the extent and timing of spawning migrations from the 
upper Green into the Yampa River. 
3. To delineate spawning areas for the endemic catostomids and 
to determine the ecological requirements for spawning. 
4. To sunmarize aspects of the life history for the razorback, 
bluehead and flannelmouth suckers. 
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DESCRIPTION OF STUDY AREA 
The primary collection sites (Figure 2) were located at Echo Park 
(3) and the Walter Walker Wildlife Area (8). Sites farther up the 
Yampa River at Lily Park (1) and Castle Park (2) were also extensively 
sampled, but no razorback suckers were collected. Island Park (4) 
was sampled twice and Horseshoe Bend (5), Ouray (6) and Sand Wash (7) 
were sampled once during exploratory sampling for razorback suckers. 
The Yampa River at Echo Park and Castle Park flows through 
narrow canyons with sections of deep, fast water (Figure 3). The 
shoreline and river bottom are composed of rocks ranging from a few 
millimeters to 20 meters in diameter. Quiet eddies are created behind 
these large boulders. Lily Park on the Yampa River and Island Park, 
Horseshoe Bend, Ouray and Sand Wash on the Green River, are reaches 
of river that flow through open valleys. The water velocity is slow 
and the river is shallow with sand or silt as the main substrate. 
The riparian vegetation along the Yampa and Green Rivers charac-
teristically consists of box elder (Acer negundo), cottonwoods (PopuZus 
spp.), willows (Salix spp.) and tamarisk (Tcunarix pentandra), with 
rabbit brush (ChY'ysothamnus spp.), big sagebrush (Artemisia tridentata) 
and Utah juniper (Juniperus osteosperm::i) on the hillsides. Holmgren 
[1962] provides a thorough discussion of the vegetation in this area. 
The region is extremely arid, with an average precipitation of 25 cm 
per year [Vanicek, 1967]. Air temperatures range from a maximum of 
40 C in summer to a minimum of -25 C in winter. Water temperatures 
range from O C in winter to 30 C in late summer [Vanicek, 1967]. 
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Figure 3. Views of Echo Park (top photo) and Whirlpool Canyon in the 
Green River below the confluence with the Yampa River. 
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The Walter Walker Wildlife Area contains a flooded gravel pit 
(25.6 ha in area; 0.5-2.0 m deep) connected to the Colorado River near 
Grand Junction, Colorado. No aquatic vegetation occurs in the pit, 
but tamarisk along the shoreline is flooded in spring and provides 
cover for small fish. The bottom of the pit is composed primarily of 
gravel covered with thick layers of silt. The shoreline is lined with 
cobbles (5 to 10 cm in diameter). The pond is permanently connected 
to the river by a 6 m canal so fish have free access to the main river. 
The Colorado River near Grand Junction, Colorado is relatively 
wide (20-25 m), with alternating stretches of slow and fast water. 
The banks are vegetated primarily with tamarisk and cottonwood trees. 
Large quantities of irrigation water are removed upstream from the 
study area, so streamflow is substantially reduced during the summer 
months. Periodic irrigation return flows bolster the volume of the 
Colorado throughout this section of river. 
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MATERIALS AND METHODS 
Physical Parameters 
Water temperatures were monitored at Echo Park and the Walter 
Walker Wildlife Area with a Ryan 30-day thennograph. Water temperatures 
at other stations were taken with a pocket thermometer. Turbidities 
were measured with a Jackson turbidimeter, and water velocities were 
determined with a Gurley current meter. 
Collection of Fish 
Sampling of fish was conducted from April through November. Shelf 
and floating ice prevented effective sampling during the winter months. 
The majority of fish were collected with trammel nets varying in 
length from 26 to 90 m, with an inside bar mesh of 2.5 cm and an outside 
bar mesh of 25 cm. Suitable areas were sampled using a 30 m bag seine 
with 2.5 cm mesh. In addition, small fish were captured using a 5 m 
seine with 3 mm bar mesh. Swift, shallow water areas were sampled with 
an electroshocker consisting of a 120 volt DC generator with a variable 
voltage pulsator mounted on a 3.6 m aluminum boat. Electrofishing was 
relatively ineffective during periods of high water because of swift 
water velocity and high turbidity. The efficiency of the trammel nets 
was also reduced at these times due to large amounts of floating debris 
and high water velocities. 
Endangered or threatened fish were returned unharmed to the river, 
although a few died from injuries suffered during capture. Dead 
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razorback suckers were frozen and returned to Utah State University 
for enzyme analysis. Flannelmouth and bluehead suckers were dissected 
to determine sex and maturity. Razorback suckers were sexed before 
release using external characteristics described by Gustafson [1975] 
and other characteristics determined from examination of specimens 
collected and preserved by previous investigators [Vanicek, 1967; 
Holden, 1973]. For example, the last ray of the anal fin is curved 
for mature male razorback suckers while it is straight for mature 
females. The fish were weighed, measured and scales were removed from 
a key area located midway between the origin of the dorsal fin and the 
lateral line. Live razorback suckers and Colorado squawfish were 
tagged with numbered Floy anchor tags and released near the point of 
capture. 
Movement 
Selected male razorback suckers were tracked using ultrasonic 
transmitters inserted into the body cavity. These transmitters were 
cylinders (64 mm long, 16 nm in diameter, weighing 19.3 g) and were 
operated at 157.5 to 180.5 kz. Each transmitter operated on a separate 
frequency to aid in identification of individual fish. Tracking 
equipment consisted of a battery powered multifrequency receiver 
with headphones and a directional hydrophone. Fish movements were 
monitored from shore or from a small boat. Effective range was 
shorter than reported by other investigators [Hasler, et al., 1969; 
Stasko, Horral, and Hasler, 1976; Ziebell, 1973] and varied from 
150 min quiet water to 10 min turbulent or rapid water. Fish 
locations were determined by triangulation or by estimating the 
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distance from a single receiver by the strength of the signal. 
Razorback suckers tagged at the mouth of the Yampa River were 
followed intermittently for a maximum of 2 weeks. Razorback suckers 
tagged in Walter Walker Wildlife Area were located periodically up to 
10 months after release. 
Surgical procedures were similar to those used by Hart and 
Swnmerfelt [1975]. Fish were anesthetized using a synergic mixture 
of MS 222 and quinaldine [Schoetteger and Steuke, 1970]. When the 
fish became quiet, it was removed from the anesthetic and placed on 
a V-board. A 30 to 40 mm incision was made anterior to the pelvic 
girdle and left of the median line. The incision was placed to the 
side of the abdomen so the transmitter would not rest on the stitches 
[Personal communication, C. D. Ziebell, Arizona Cooperative Fishery 
Research Unit, Tucson]. The transmitter was placed in 70% ethanol 
prior to insertion to sterilize the instrument. Ethanol was also 
used to wash the wound at the completion of the operation and to 
sterilize the surgical tools. No antibiotic was administered. The 
wound was then closed using No. 000 surgical silk. This material was 
dissolved by the fish during healing. The gills were periodically 
bathed with a dilute anesthetic solution during the 7 to 10 minutes 
required to complete the operation. 
Postoperative care consisted of holding the fish until it 
recovered from the anesthetic. Three fish were held for several days 
to follow their recovery and observe their ability to swim. To 
minimize handling stress, all other fish were released as soon as 
they had fully recovered from the anesthetic and could swim well. 
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Fecundity 
Female flannelmouth and bluehead suckers were sacrificed to 
determine fecundity during April, May and June of 1975 and 1976. Total 
and fork lengths were measured to the nearest millimeter; weight was 
determined to the nearest 20 g for fish greater than 200 g and to the 
nearest gram for fish less than 200 g. The ovaries were removed, 
identified with a numbered tag, wrapped in cheese cloth and preserved 
in 10% formal in. 
In the laboratory, the ovaries were soaked in water to remove 
the formalin, blotted to remove excess moisture and the eggs were 
separated from the ovarian tissue. Fecundity was estimated gravi-
metrically using a triple-beam balance. Samples from the anterior, 
mid and posterior sections of the ovary, totaling approximately 10% 
of the entire ovary weight, were weighed to the nearest 0.1 g and 
counted. The rest of the ovary was weighed and the fecundity estimated 
by proportion. The accuracy of the method was determined by total 
counts of all ova from two fish of each species. 
Diameters of preserved, mature ova were measured to 0.01 mm with 
an ocular micrometer. Ova from the anterior, mi.d and posterior 
sections of the ovary were mixed, and 30 maturing eggs were chosen 
from the group. These eggs were measured and the average value was 
used as the ova diameter for that fish. There was no consistent 
difference in ova diameters from the three sections of the ovary when 
compared by analysis of variance. 
The total length-fecundity relationships for bluehead and flannel-
mouth suckers were described with the logarithmic equation [Bagenai, 
1967]: 
Log F = b 1 Log TL - b o 
where: TL= total body length in millimeters, 
F = fecundity (mature eggs per female), and 
b o, b 1 = empi ri ca 1 constants. 
The regression equations were fitted using the 'STAT PAC' programs 
available at Utah State University. 
Age and Growth 
14 
Scales from razorback and flannelmouth suckers were removed from 
a key area located midway between the lateral line and the anterior 
point of the dorsal fin. Scale impressions were made on acetate cards 
(7.5 cm x 12.5 cm x 0.05 mm) using heat and pressure. The impressions 
were magnified 80x on an Eberbach #2700 projector. A fish age was 
read two times. If the first and second readings agreed, the age 
was accepted. If the first two readings did not agree, the age was 
assessed a third time to assign an age to the fish. 
Most flannelmouth and razorback sucker scales were difficult to 
read. Annuli were often indistinct and difficult to locate. Closely 
spaced circul i and "cutting over" in the lateral fields were the 
characteristics used to determine the location of annuli. On most 
flannelmouth suckers' scales, the first annulus was particularly 
difficult to find. Its location was finally determined from repeated 
measurements on scales from young of the year and age I fish. The 
anterior scale radius for each annulus was obtained by averaging the 
measurements of two scales from each fish. 
The length-weight relationships for flannelmouth and razorback 
suckers were best described by the logarithmic equation [Tesch, 1971]: 
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Log w = b 1 Log TL - b o 
where: TL= total body length in millimeters, 
w = weight in grams, and 
b 0 ,b 1 = empirical constants. 
The regression equations were fitted using the computer program 'Shad 
II' on file at Utah State University Computer Center [Nelson, 1976]. 
The body length-scale radius relationships for flannelmouth 
suckers were best described by a third degree polynomial [Carlander, 
1956]: 
TL = b o + b 1 SR + b 2 SR2 + 7:; 3 SR3 
where TL= total length in millimeters, 
SR= scale radius x 80, and 
bo, b 1, b2, b 3 = empirical constants. 
The regression equations were fitted and back-calculation of growth 
was done using the computer program 'Sigler' on file at Utah State 
University Computer Center. 
The third degree polynomial was chosen primarily because of the 
accuracy of back-ca lcul at ion of growth using that equation. Back-
calculated lengths of fish in the younger age groups obtained with 
simpler equations did not fit the empirical data as well as those 
calculated with the third-degree polynomial. In all cases, the cubic 
coefficient was significantly different from zero. The other 
coefficients were inconsistently significant. If the regression 
equation was the only item of interest, the equations should have 
been refitted using only the significant terms. However, the computer 
program used for the back-calculation of growth was not capable of 
eliminating the insignificant terms. 
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RAZORBACK SUCKER1 Xyrauchen texanus (ABBOTT) 
Distribution and Abundance 
The range of the razorback sucker (Figure 4) has been markedly 
reduced because of man-made alterations of the Colorado River system. 
Early observers reported x. texanus in large numbers throughout the 
lower basin. Everman [1916] stated that razorback suckers were 
11rather abundant11 in the Salton Sea when it was formed after the 
breaking of a dike in 1905. Charrberlain [1904] reported that they 
were 11rather coIT1Tion11 i  the San Pedro River and were sold at nearby 
Tombstone, Arizona, as 11Buffalo 11 • The San Pedro River is now dry 
during most of the year. CharrberZain [1904] also collected a single 
specimen from the Salt River in central Arizona. MiZZer [1961] 
reported that they occurred in the Salt River in 1904, near the 
present site of Roosevelt Dam, but they had disappeared by 1937. 
Reservoir impoundments do not affect adult razorback suckers 
as greatly as they do other endemic species. When Lakes Mojave and 
Mead were formed on the Colorado River, the Colorado squawfish, bony-
tail chub, and humpback chub were drastically reduced in abundance, 
but the razorback sucker was considered abundant in Lake Mead and 
common in Lake Mojave [WaZZis, 1951]. Jonez and Sumner [1954] found 
razorback suckers in large numbers below Davis Dam on the Colorado 
River, but none has been reported below this point recently [MinckZey, 
1973]. As late as the 1940's, razorback suckers supported a commercial 
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Figure 4. Historical (open and solid circles) and present (solid 
circles only) of the razorback sucker in the Colorado River 
basin. Note: the question marks indicate uncertainty in 
fish distribution. 
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fish from Sahuaro Lake, an impoundment on the Salt River, in 1949, 
[Hibbs and Miller, 1953]. However, no razorback suckers were found 
when Sahauro Lake was drained in 1966 [Minckley and Deacon, 1968]. In 
fact, the razorback sucker has disappeared from the entire Gila River 
arm of the lower Colorado River basin [Minckley, 1973]. Lakes Mead 
and Mojave still contain relatively large numbers of razorback suckers, 
but only mature fish are found, indicating recruitment is being 
curtailed or is lacking entirely in most years. Long-lived fish could 
create the illusion of a healthy population, which may decline as the 
adults die through natural mortality. 
This species appears to be more widespread in the upper basin, 
but it has never been reported to be abundant [Banks, 1964; Deacon, 1968; 
Vanicek, Kramer, and Franklin, 1970; Miller, 1972; Stalnaker and Holden, 
1973; Holden, et al., 1974; Holden and Stalnaker, 1975a and 1975b]. 
There are few early reports about the abundance of the razorback 
sucker in the upper basin. Jordan [1891] stated that razorback suckers 
were abundant in the area, but no other documentation is available. 
The inaccessibility of the canyon areas and the violent nature of the 
river made sampling of fish difficult, and early efforts were cursory 
at best. Vanicek, Kramer, and Franklin [1970] documented the 
elimination of razorback suckers from the tailwaters of Flaming 
Gorge Reservoir, but theorized that they were not numerous before the 
reservoir was impounded. Holden and Stalnaker [1975b] found scattered 
individuals throughout most of the upper basin and discovered 
concentrations (10 to 15 individuals) in the mouth of the Yampa 
River in March and November, 1970. Razorback suckers were reported 
recently in the lower San Juan River near Bluff, Utah [Personal 
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communication, N. Armentrout, Bureau of Land Management, Moab, Utah], 
but their abundance is not known. 
During the present investigation, razorback suckers were found 
to be most common, though never numerous, at two locations - the mouth 
of the Yampa River (Echo Park) during early spring, and the Walter 
Walker Wildlife Area near Grand Junction, Colorado, throughout the 
year. Razorback suckers were occasionally found at other sampling 
sites and at Echo Park during the fall (Table 1). 
Razorback suckers apparently moved into the area of the confluence 
of the Yampa and Green Rivers (Echo Park) in late fall (Table 2). 
Although considerable sampling was done in the lower sections of the 
Yampa River during summer and early fall, no razorback suckers were 
collected during that period in 1975 or 1976. Razorback suckers were 
never collected farther than 2.0 km upstream in the Yampa River 
(Table 3). Sampling was not possible during the winter because of 
ice cover and the inaccessibility of the canyon areas. Some razorback 
suckers probably remained in the area over winter, although documenta-
tion is unavailable. These fish were joined the following spring 
(late April) by other fish moving from the Green River into the mouth 
of the Yampa River. A female razorback sucker was recaptured in the 
mouth of the Yampa River after being collected two weeks earlier in 
the Green River at Island Park. She had moved a distance of 26 km 
(see the sections on movement and reproduction). Because she was 
ripe (i.e., exuding eggs) when recaptured, it is possible to hypothe-
size the existence of a spawning migration. Further documentation 
would be required before any conclusions could be established. 
Razorback suckers apparently leave the mouth of the Yampa River 
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Table l. Numbers of razorback suckers collected from the upper 
Colorado River basin, by dates and location, August 1974 -
May 1976. 
Collect ion site 
Echo Park 





Oct. 24 - Nov. l 
Dec. 9-12 
1975 




Island Park Apr. 14-16 
Sept. 29 - Oct. l 
Echo Park May 1-22 
Nov. 14-16 
1976 
Walter Walker Wildlife Area Apr. 12-16 















Table 2. Relative abundance of fish collected with tra1TJ11el nets at Echo Park, Dinosaur National 
Monument, 1974- 76. 
1974 1975 1976 
0ct5-l0 Nov 14-18 A12r 25-Ma_}' 7 Ma_}' 10-22 Jul.}' 5-10 Nov. 14-16 Ma_}' 2-5 
Total Total Percentage Total Percentage Total Percentage CPUEa Total Percentage Total Percentage Total Percentage 
Species catch catch of catch catch of catch catch of catch catch of catch catch of catch catch of catch 
Catostomus l . . . b at-ip-inm,s 49 55. l i4 22.5 34 33.3 . 0.58 100 50.0 12 36.4 58 41. l 
Catostomus disacholus b 18 20.2 8 12.9 17 16. 7 0.29 27 3.5 16 48.5 29 20.6 
Xyrauahen texanus b 0 3 3.3 6 9.6 1.0 0.02 3.0 0.7 
Catostomus aommersoni 10 11.2 3 4.8 7 6.9 0.12 4 2.0 3 9.1 11 7.8 
Ptyahoaheilus luaius b 0.5 2 1. 4 
Gila robustab l. l 4 6.5 12 11.8 0.21 26 13.0 3. l 9 6.4 
Cyprinus aarpio 2 2.2 13 20.9 9 8.8 o. 15 8 4.0 18 12.8 
Gila sp.c 
,:;, 
Q) 3 2.9 0.05 2 1.0 0.7 ,:;, ... 
0 
Iatalurus punatatus u 6 6.7 7 11. 3 5 4.9 0.09 31 15. 5 7 4.9 Q) ... 
Iatalurus melas 
.., 
3 2.9 0.05 0 
C: 
Salmo gairdneri 5 8.1 9 8.8 0. 15 4 2.8 
Salmo trutta 2 3.4 2 2.0 0.03 0.5 3. l 0.7 
a CPUE = catch per unit effort; unit of effort = 10 m of net (2. l m deep) set for 10 hrs. 
b Denotes native species. 
c Members of the humpback chub complex [Holden and Stalnaker, 1970]. 
Table 3. Relative abundance of fish collected with trammel nets at Castle Park and Lily Park, Yampa 
River, 1975. 
Castle Park Lil Park 
Jul.z' 11-13 Jul.z' 23-28 Jul.z' 31-Aug. 3 Aug. 5-8 Aug. 30 
Total Percentage Total Percentage Total Percentage Total Percentage Total Percentage 
Species catch of catch catch of catch catch of catch catch of catch catch of catch 
Catostomus latipinnisa 23 23. 7 58 28.6 115 56.7 91 44.0 21 50.0 
Catostomus diseobolus 
a 5 5.2 9 4.4 18 8.9 38 18.4 8 19.0 
Catostomus eommersoni 3 l. 5 6 3.0 11 5.3 2.4 
Gila robustaa 47 48.5 33 16. 3 43 21. 2 17 8.2 6 14. 3 
Gila sp. b 9 9.3 3 i. 5 
Ptyehoeheilus lueius 
a 2 2.0 14 6.9 3 l. 5 13 6.3 2 4.8 
Cyprinus earpio 63 31. 0 41 20.2 24 l l. 6 2.4 
Ietalurus punetatus 11 11. 3 17 8.4 7 3.4 12 5.8 2.4 
I eta l.UI'us me las 3 l. 5 0.5 0.5 2.4 
Salmo t:rutta 2.4 
a Denotes native species. 
b Members of the humpback chub complex. 
N 
N 
in late spring or early summer as streamflow decreases and water 
temperature increases. 
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A total of 24 razorback suckers were collected in Echo Park 
during a 3-week period in April and May 1975. The collections were 
made with electrofishing gear and trammel nets. Since more effort 
was expended at this time than during other collection periods, 
relative abundance is not reflected in the total catch size. Razor-
back suckers composed 4.3% of the trammel net catch between April 29 
and May 20, which is only slightly greater than their occurrence in 
the 1974 and 1975 fall collections (Table 2). However, during the 
spring months, 14 additional razorback suckers (making a total of 24) 
were collected with electrofishing gear from spawning bars in the 
lower Yampa River (see the section on reproduction). Electrofishing 
gear was used most extensively during the spring of 1975, so that 
direct comparison of relative abundance cannot be made with other 
collections. 
Flannelmouth suckers composed most of the catch from nets and 
electrofishing, occurring approximately seven times more frequently 
than razorback suckers in the trammel net collections and five times 
more often when captured by electrofishing. Bluehead suckers and 
roundtail chubs were also corrrnonly collected at Echo Park. 
Native fish comprised a smaller proportion of the total population 
in the gravel pit at the Walter Walker Wildlife Area than at any 
other site in the study area (Table 4). Razorback suckers totaled 
0.8 to 4.2% of the catch in the wildlife area (Table 5), which was 
roughly equivalent to the spring and fall collections in Echo Park. 
An important distinction is that they were present in this water 
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Table 4. The percentage of native and introduced fish from different 
locations in the upper Colorado River basin.a 
Percentage of Percentage 
total number by species origin 
Native Introduced Native Introduced 
Lily Park 78 22 44 56 
Castle Park 68 32 44 56 
Echo Park 73 27 50 50 
Island Park 88 12 50 50 
Sand Wash 55 45 60 40 
Ouray 95 5 50 50 
Horseshoe Bend 67 33 50 50 
Walter Walker 
Wildlife Area 43 57 40 60 
a Figure l shows the locations of the sampling sites. 
Table 5. Relative abundance of fish collected with trammel nets in the Walter Walker Wildlife Area, 
Colorado, 1974-76. 
1974 1975 1976 




June 15-17 Oct 4-9 Aril 12-16 
Total Total Percentage Total Percentage Total Percentage CPUE Total Tota Percentage 
Species catch catch of catch catch of catch catch of catch catch catch of catch 
Catostomus l . . . b at1-p1-nm.s 73 13.4 l.66 166 32.3 1.17 138 23.0 0. 77 22 8.5 
Catostomus disacb olus b 6 l. l 0. 14 8 l. 6 0.06 12 2.0 0.07 
Xyrauahen texanus b 22 23 4.2 0.52 15 2.9 0. 11 5 0.8 0.04 9 5 l. 9 
Catostomus aommePsoni 19 3.5 0.43 2 0.4 0.01 10 l. 7 0.06 12 4.7 
Ptyahoahei lus luaius b 25 4.6 0.57 12 2.3 0.08 9 l. 5 0.05 3 l. 2 
Gila robustab 94 17.3 2. 13 93 18. l 0.66 81 13.5 0.45 25 9.7 
,:, 




'- 0.2 0.01 u 0 (l) 
u '-(l) 
Salmo gafrdneri '- 0.2 0.01 .µ 0 .µ 
i:: 
0 
Lepomis ayanellus i:: 87 16.0 l. 97 28 5.4 0.20 129 21. 5 o. 72 20 7.8 
Lepomis maahroahiPus 0.2 0.02 
MiaroptePUs salmoides 42 7.7 0.95 8 l. 6 0.57 16 2.7 0.09 35 13. 6 
IatalUPUs punatatus 12 2.2 0.28 15 2.9 0. 11 12 2.0 0.07 7 2.7 
Iatalurus melas 61 11. 2 l. 38 87 16.9 0. 61 75 12.5 0.42 61 23.6 
Esox luaius 0.2 0.02 
a CPUE = catch per unit effort; l unit of effort = l O m of net ( 2. l m deep) set for 10 hrs. 




during the entire year. Even though introduced fish composed the 
majority of the catch in the gravel pit, the flannelmouth sucker was 
still the most abundant species. Carp (Cyprinus carpio), green sunfish 
(Lepomis cyaneZZus) and black bullheads (Ictaiurus melas) have become 
well established and are almost as abundant as the ubiquitous 
flannelmouth sucker. 
Razorback suckers were less common in the Colorado River than 
they were in the gravel pit. A sample taken by electrofishing in 
the Colorado River in the spring of 1975 contained 127 flannelmouth 
suckers, 109 bluehead suckers and l razorback sucker. Another 
collection, at the mouth of the Gunnison River in April 1976, yielded 
96 flannelmouth suckers, 86 bluehead suckers, and no razorback suckers. 
Only a few razorback suckers were collected at other locations 
in the basin (Table 6). A single razorback sucker (1% of the total 
catch) was collected at Sand Wash, and two specimens (3.3% of the 
total catch) were collected at Island Park in April, 1975. In 
addition, a single razorback sucker was collected there the following 
fall. None were collected at Horseshoe Bend or in the Yampa River 
farther upstream than Box Elder Campground (Figure 2). The absence 
of razorback suckers in collections from the upper Vamper River 
(Table 3) probably indicated that they did not occupy this section 
of river. However, this may not have been the case for Horseshoe 
Bend, since only one collection was made at that location. A single 
razorback sucker was taken by the Colorado River Fishes Recovery 
Team just upstream from Horseshoe Bend in May 1976 [Personal 
corrununication, K. H. Seethaler, Utah Cooperative Fishery Research 
Unit, Logan]. Another specimen was caught by anglers in that area 
Table 6. Relative abundance of fish collected with trammel nets at collection sites along the Green 
River, Utah, 1974-75. 
1974 1975 
Sand Wash Oura.)". Island Park Horseshoe Bend 
Dec. 9-10 Dec. 5-8 A~ril 13-15 Oct. 2-4 Oct. 6-9 
Total Percentage CPUEa Total Percentage Total Percentage CPUEa Total Percentage Total Percentage 
Species catch of catch catch of catch catch of catch catch of catch catch of catch 
Catostomus Zatipinnis b 54 52.4 10.2 21 95.0 40 65.6 0.40 35 27. l 19 45.3 
Catostomus discd:Jolus b 12 19.7 0.10 74 57. 4 6 14.3 
Xyrauchen texanus b l.O 0.1 2 3.3 0.02 0.8 
Catostomus commersoni l. 6 0.01 3 2.3 
Cyprinus ca1'pio 35 34.0 8.6 5 3.9 9 21.4 
Ptychocheilus luciusb 2 l. 9 0.11 0.8 2 4.8 
Gila robustab 3 2.3 2.4 
Ictalurus punctatus 11 10.7 2.3 5.0 l. 6 0.01 3 2.3 2 4.8 
Salmo gai1'dne1'i 4 6.6 0.04 2 l. 6 
Salmo trutta l. 5 0.01 2 l. 6 
Stizostedion vitreum 2 4.8 
Micropterus do lomieui 2.4 
a Catch per unit effort; unit of effort 10 m of net (2. l m deep) fished for 10 hrs. 
b Denotes native species. 
N 
-....J 
about the same time [Personal communication, B. D. Burdick, Utah 
Division of Wildlife Resources, Vernal]. No razorback suckers were 
collected at Ouray either, but ineffective sampling rather than a 
lack of razorback suckers was probably the reason. This species is 
believed to occupy the Green River from its confluence with the 
Colorado River upstream to its confluence with the Yampa River 
(Figure 4). 
Age and Growth 
Length-weight relationship 
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The length-weight relationships were not significantly different 
for males and females (p<O.l) so they were combined for both the Yampa 
and Colorado Rivers. There was no significant difference (p<O.l) 
between the length-weight relationships for fish from the two river 
systems either, but the two groups were analyzed separately, since 
the characteristics of the two rivers are different. However, the 
fish from the Colorado River (Figure 5) were generally larger in 
both length and weight than the fish from the Yampa River (Figure 6), 
and females were larger than males. 
Back-calculation of growth 
Back-calculation of growth from scale analysis is an important 
technique used to obtain life history information for fish. It 
involves the assumption that scale growth is proportional to body 
growth [Tesch~ 1971], which does not appear to be true for razorback 
suckers. The relationship between body length and scale radius was 
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Figure 5. Length-weight relationship for male (M) and female (F) 
razorback suckers from the Walter Walker Wildlife Area, 
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Figure 6. Length-weight relationship for male (M) and female (F) 
razorback suckers from the Green and Yampa Rivers, 1974-75. 
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area exhibited considerable variability in size and shape. In an 
attempt to offset this variability, measurements were taken of two 
scales from each fish and averaged to obtain a representative growth 
pattern. This technique did not yield a significant body length-
scale radius relationship. 
Back-calculation of growth was not done for razorback suckers 
because of the lack of a significant body length-scale radius 
relationship. However, mean lengths and weights were calculated for 
each age group (Table 7). All fish were collected in early spring 
before growth began, or in late fall when growth for the year had 
ceased. Therefore, empirical lengths should have represented the 
size of the fish at the end of each year of life. 
Ages were assigned to the fish based upon agreement between two 
readers. However, the assignment of age should not be considered 
absolute as the scale method has not yet been validated for razorback 
suckers. Young fish were not collected, so verification of the first 
few annuli using the length frequency method was not possible [Tesch, 
1971]. Because the razorback sucker is rare, no fish were sacrificed 
for otoliths, opercles or vertebrae, nor were fin rays removed for 
age determination. 
Razorback suckers from California were determined to be much 
older than those from the upper basin. A male (662 mm TL) was 
determined to be 22 years old and another fish (length unknown) was 
considered to be 17 years of age from analysis of otoliths [Letter 
dated 9 December, 1976 from J. A. St. Amant, California Department 
of Fish and Game, Long Beach]. 
When fish become old, growth decreases and annuli are laid down 
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Table 7. Average total lengths by age and sex for razorback suckers 
from the Colorado, Yampa and Green Rivers, 1974-75. Data 
under each heading includes, in order: mean, range, sample 
size and standard deviation for samples of four fish or more. 
Age group Col or ado River Yampa & Green Rivers 
Female Male Female Male 
IV 485 499 
l l 
V 571 522 510 483 
538-595 498-561 472-531 442-514 
6 3 4 8 
21. 57 26.02 23. 81 
VI 561 510 508 489 
499-609 4 79-541 461-539 468-515 
17 5 5 8 
30. 71 22.06 33.26 14.43 






in such close proximity to one another that recognition of individual 
annuli becomes difficult [Tesch, 1971]. It is also possible that 
the fish do not lay down an annulus every year. For these reasons, 
there may be errors in the assignment of ages to razorback suckers 
in this study. Nevertheless, these assessments of age are the only 
data available to provide an estimate of the growth of razorback 
suckers in the upper Colorado River basin. 
There was no definite distinction in sizes at different ages, but 
this is common with large, mature fish. Differences in total lengths 
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between age groups were tested by an analysis of variance, but 
adequate analysis of the data was hindered by the small sample sizes. 
The only significant difference between age groups of fish of the 
same sex from the same river occurred between age groups VI and VII 
of females from the Colorado River. 
Male razorback suckers from the Colorado River were significantly 
larger than males from the Yampa River (p<0.10) and females from the 
Colorado River were significantly larger than females from the Yampa 
River (p<0.01). Yampa River females of age group V were significantly 
larger than males at this age. Females from the Colorado River were 
significantly larger than males from the same river in age groups V 
(p<0.05) and VI (p<0.0005). In 1975, fish in age groups V (n=20) 
and VI (n=35) were dominant in both rivers. Few fish were collected 
in 1976, so documentation of a strong year class could not be made. 
The data do indicate that spawning was more successful in certain 
years than in others. 
Reproduction 
Spawning period 
Prior to the construction of large dams, razorback suckers made 
extensive spawning migrations in early spring. JoPdan [1891] reported 
razorback suckers ascended the Rio Animas in the spring of 1891 for 
spawning [in Hibbs and MiUeP, 1953] and ChanbePZain[l904] cited 
reports by early settlers in Arizona that razorback suckers congregated 
in tributary streams for spawning. With the damming of the rivers, 
these migrations were blocked and many razorback suckers were forced 
to spawn in reservoirs. 
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Douglas [1952] documented spawning in Lake Havasu in March 1950. 
Razorback suckers moved into shallow coves of the lake with water 
depths ranging from 25 to 50 cm when surface water temperatures 
were 14 to 18 C. Females, accompanied by two to six males, cruised 
over the bottom of the cove in small circles. Males remained in 
close proximity to responsive females as they swam over the bottom 
of the cove. On occasion, the fish settled to the bottom, vibrating 
their bodies rapidly. Gametes were presumably emitted at this time, 
but Douglas' vision was obscured by silt disturbed by the spawning 
fish. 
Jonez and Swrrner [1954] observed spawning razorback suckers in 
Lake Mead between March 1 and April 15, 1953. They described an 
extensiveshorewardmovement during the spawning season with the 
greatest concentrations of razorback suckers occurring in the 
vicinity of river mouths. Water temperatures ranged from 12 to 18 C 
during this period. Spawning activity appeared widespread along 
gravel shores at depths of 0.6 to 5 m. Actions of spawning fish 
were similar to those described by Douglas [1952]. 
Jonez and Swrrner [1954] reported what they identified as small 
razorback suckers below Davis Dam in 1950 and felt predation of the 
freshly spawned eggs would limit reproductive success in Lake Mojave. 
More recently, spawning activity by razorback suckers was reported 
in these same reservoirs, but the young were not found, indicating 
poor reproductive success [Minckley, 1973]. Some successful 
reproduction may have occurred since the reservoirs were impounded, 
because adults are still found. However, long-lived species could 
create an illusion of successful reproduction. 
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Poor reproductive success has also been reported in the upper 
basin [Banks, 1964; Vanicek, Kramer and Franklin, 1970; Holden and 
Stalnaker, 1975a and 1975b]. The apparent lack of young of the year 
and juveniles in collections can probably be attributed, at least in 
part, to their close resemblance to young flannelmouth suckers. The 
few young-of-the-year and age I razorback suckers that might have 
been collected could easily have been overlooked among large numbers 
of juvenile flannelmouth suckers. Conversely, sub-adult razorback 
suckers should have been easily recognized by the bony nape if they 
had been collected. Holden [unpublished data] collected a few sub-
. adult fish, but none were collected during 1974-76. 
During this study, razorback suckers were observed spawning over 
gravel bars in the Yampa and Colorado Rivers. Three spawning sites 
were located, although most spawning razorback suckers were collected 
from a bar located 400 m upstream from the mouth of the Yampa River 
(Figure 7, site A; Figure 8). The fish were collected from water 
approximately l m deep at the upstream point of the gravel bar. The 
substrate was predominantly cobble (ranging in size from 20 to 50 mm 
in diameter) and the water velocity was approximately l m/sec (Table 8). 
During a two week period, 14 razorback suckers (2 females and 12 males) 
were captured over this bar. Females captured in nearby locations 
were not yet ripe (i.e., exuding eggs) but female razorback suckers 
collected from the water column over the bar were ripe, indicating 
that they were spawning in the immediate vicinity. Males captured 
over the bar and in nearby locations were all ripe (i.e., exuding 
sperm). 
Spawning may have been attempted in the gravel pit at the Walter 
N 
YAMPA RIVER 1 
1 km 
Figure 7. Location of gravel bars in the Yampa River used for 
spawning by razorback and flannelmouth suckers, 1975-76. 
Figure 8. Gravel bar near the mouth of the Yampa River used for 
spawning by razorback and flannelmouth suckers. Note: 
spawning suckers were collected on the upstream side of 
the bar. The photograph shm-1s the upstream side of the 
gravel bar located at site A of Figure 11. 
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Table 8. Physical characteristics of spawning sites in the Yampa River 
used by razorback and flannelmouth suckers, 1975. 
Date Location a Turbidity Temperature Velocity Depth 
(JTUs) (C) (m/sec) (m) 
l May site A 7 0.92 0.83 
3 May site A 350 12 0.92 0.83 
11 May site A 500 15 0.92 0.83 
14 May site A 700 16 0. 89 1.00 
19 May site B 2000 10 0. 95 0.67 
a Locations of spawning sites are indicated in Figure 7. 
vJalker Wildlife Area. Seven razorback suckers (two ripe females and 
five ripe males) were captured at the west end of the pond in one 
trammel net set overnight. These fish were probably cruising the 
shoreline during spawning as described by Douglas [1952]. The shore-
line was composed of cobble (similar to the bars in the main river) 
and was regularly agitated by wave action. Temperatures ranged near 
17 Cat this time, while turbidities were approximately 100 JTUs. No 
evidence of successful reproduction of any native fish was found in 
the gravel pit during 1975. This may be attributed, at least in part, 
to the large numbers of introduced predaceous fish (i.e., largemouth 
bass, green sunfish and channel catfish) present in the pit. 
Fecundity 
Because the razorback sucker is rare, no fish were sacrificed to 
determine fecundity. However, fish already in the collection at Utah 
State University were examined for maturity and fecundity. These 
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fish were collected from different areas during different years and 
seasons. Sample sizes were small so comparisons by area or year 
cannot be made. Razorback suckers displayed considerable variability 
in fecundity which is probably due to the differing stages of maturity 
of the fish that were examined. Most of the fish examined had been 
collected in the fall and were not fully mature. Sampling error was 
minimal (Table 9) and does not account for the variability in 
fecundity. The relationship was not significant between total lengths 
or weight and fecundity. In fact, the relation appeared to be random. 
Fecundity ranged from 27,614 to 76,576 eggs (Table 10). The fish 
exhibiting the lowest fecundity was larger than the fish with the 
greatest fecundity, but only contained one-third the number of eggs 
found in the smaller fish. 
Table 9. Sampling error in estimating the fecundity of two razorback 





















Table 10. Fecundity of razorback suckers from the Green River in 
Dinosaur National Monument. 
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Location of Date of Total Weight Total no. 
capture capture length (mm) ( g) of eggs 
Isl and Park 8-21-64 534 1524 72,476 
Green River 
Campground 9- 5-64 530 1437 41,119 
Isl and/ark 11- 1-64 529 1317 24,490 
519 1560 69,460 
516 1380 37,665 
Green River 
Campground 9- 5-64 513 1570 30,854 
Island Park 11- 1-64 505 1145 42,522 
485 1360 76,576 
Echo Park 10-31-64 470 990 27,614 














During May 1975, ultrasonic transmitters were inserted into five 
male razorback suckers in an attempt to track their movements and 
determine spawning sites in the Yampa River. We were not able to 
track the fish successfully with the transmitters due to problems 
with the equipment. In addition, turbulence in the river reduced the 
range of the transmitters when compared to data reported for lentic 
areas [Personal coITTTiunication, D. Brumbaugh, designer of the tags, 
Tucson, Arizona]. Objects such as rocks or vegetation between the 
receiver and the transmitter blocked the signal. In general, contact 
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was maintained with a tagged fish when it remained stationary or in 
quiet water near the shore. If the fish moved into fast water contact 
was usually lost and considerable periods of time often elapsed before 
the fish could be relocated. 
None of the fish equipped with ultrasonic tags ITTJved farther than 
l km up the Yampa River before returning to the mouth. The first two 
suckers that were released after tagging were followed continuously 
for 24 hours. After one day, their positions were recorded whenever 
the fish were relocated. 
Fish A. The first fish (A) quickly moved 180 m upstream from the 
release point at the head of a gravel bar (Figure 9, site 1) to a 
quiet eddy (site 2) and remained there for 2 days. It frequently 
appeared to be moving slowly about the eddy as indicated from 
triangulation using two receivers. Contact with fish 11A11 was lost 
for 24 hours before it was relocated approximately 1 km downstream 
at the lower end of a gravel bar (site 3). Contact with fish 11A11 
was again lost for about a day, but the fish was relocated in swift 
water at the outer edge of the same bar (site 4). 
Fish 11A11 was later located in swift water near the mouth of the 
Yampa River (site 5) where the habitat was similar to areas where 
razorback suckers were believed to spawn (see the section on repro-
duction). The fish remained at the end of an island formed by the 
junction of the Green and Yampa Rivers for four hours before it was 
collected with a seine. Although he was captured easily, further 
seining attempts did not capture other razorback or flannelITTJuth 
suckers. 

















Figure 9. Movement of razorback sucker 11A11 in the lower Yampa River as 
determined by tracking with ultrasonic transmitter, May 
1975. Note: Fish 11A11 was released at site l and moved to 
site 2 where it remained for 2 days. Contact was then lost 
but the fish was relocated 24 hours later at site 3. 
Approximately 24 hours later it had moved to site 4. Fish 
11A11 was later located at site 5 on two occasions (14 and 15 
days after release). 
spawning areas (Table 8). The depth was shallow (0.3) compared with 
other sites, but the substrate was similar. Water flowed past the 
eastern edge of the island (Figure 9; site 5) with a velocity of 0.8 
m/s, while velocity on the northern side of the island was 0.42 m/s. 
Fish 11A11 remained in the slower water (0.42 m/s) most of the time, 
but occasionally moved into the faster water for short periods. Two 
days later it was again discovered in the area of the island and was 
tracked for two hours before it moved into the main current and the 
signal was lost. Fish "A11 was the only razorback sucker tracked in 
swift water for longer than a few minutes. No fish equipped with 
transmitters were located on the suspected spawning areas, although 
several fish remained in nearby eddies for extended periods. 
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Fish B. Fish 11811 was released four days after fish "A" and was 
followed for 10 hours (Figure 10). It was initially released in an 
eddy (site l) 50 m upstream from a gravel bar. It moved slowly 
upstream while staying in quiet water near shore. After moving 
upstream for one hour, it abruptly reversed direction (at site 2) and 
proceeded downstream. It moved 150 m downstream in two hours and 
remained in quiet water (site 3) for seven hours before it moved into 
the main current where the signal was lost. 
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Figure 10. Movement of razorback sucker 11811 in the lower Yampa River 
as detennined by tracking with ultrasonic transmitters, 
May 1975. Note: Fish 11811 was released at site l and 
moved slowly upstream for l hour. At site 2 it reversed 
direction and moved downstream to site 3 where it remained 
for 7 hours before contact was lost. 
Fish C. Fish 11C11 was released in an eddy near the confluence of 
the Yampa and Green Rivers (Figure 11, site 1) where numerous other 
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Figure 11. Movement of razorback suckers 11C11 and 11D11 in the lower 
Yampa River as determined by tracking with ultrasonic 
transmitters, May 1975. Note: Fish 11C11 was released at 
site l and remained there for two hours before contact 
was lost. It was relocated five days later at site 2 where 
it remained for two days. Fish 11D11 was released in an 
eddy at site 3 and remained there for 24 hours before 
contact was lost. 
before it moved into fast water and disappeared. The fish was 
relocated five days later in a large, deep eddy (site 2) in the Green 
River, upstream from the mouth of the Yampa River. Fish 11C11 remained 
there for two days before contact was again lost. 
Fish D. Fish 11D11 was released in an eddy upstream from a gravel 
bar (Figure 11, site 3) and remained there 24 hours before contact was 
lost. 
Fish E. The last fish ( 11E11 ) moved slowly upstream (0.5 km) into 
the quiet water at the head of the side channel (Figure 12, site 2) 
after being released at the lower end of the spawning bar (site 1). 
It remained there for five hours before moving slowly downstream --
with frequent stops in quiet water -- until it reached the eddy at 
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Figure 12. Movement of razorback sucker 11E11 in the lower Yampa River 
as determined by tracking with ultrasonic transmitters, 
May 1975. Note: Fish 11P was released at site l and 
slowly moved upstream to site 2 where it remained for 
five hours. It then moved slowly downstream to site 3 
where contact was lost. 
then moved into the swift water of the channel where the signal could 
not be detected by our receiver. 
Walter Walker Wildlife Area 
In October 1974 and April 1975, a total of three razorback suckers 
(one female and two males) from the gravel pit at the Walter Walker 
Wildlife Area were tagged with ultrasonic transmitters. The primary 
reason for tagging these fish was to familiarize ourselves with 
surgical techniques and the ultrasonic equipment. Also, movements 
were monitored to obtain information on daily activity patterns. 
A female was tagged on 29 October 1974, and followed for three 
days to determine her activities during a 24-hour period. She was 
most active in late evening (1900-2200 hrs.) and late morning 
(1000-1200 hrs.). She remained in the deeper end (3 m) of the pond 
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for the majority of the tracking periods, but she moved into the 
shallow, eastern section of the pond (1 m) during early morning hours 
(0100-0600 hrs.). The water temperature and bottom type were uniform 
throughout the gravel pit and probably did not influence her movements. 
The bottom consisted of a 10-20 cm layer of mud with cobble (10 to 20 
mm in diameter) in the shallow water near shore. The water temperature 
was 12 ± 0.5 C throughout the pond. 
During the following spring, the activities of this female and 
two males were monitored. The fish spent the majority of time in the 
deep end of the pond. One male remained in the northwest corner 
of the lake, while the other two fish moved throughout the lake. These 
fish were never tracked together in the pond and appeared to be 
moving independently. 
Summary of movement 
In addition to the use of ultrasonic transmitters, movement of 
indi.vidual suckers was noted by the recapture of fish marked with 
numbered tags. Two razorback suckers were recaptured after moving 
considerable distances from the original capture sites. One female 
razorback sucker was captured at Island Park (Figure 2) in April 1975 
and was recaptured 2 weeks later in the mouth of the Yampa River 
(21 km upstream). She was ripe and was probably spawning (see 
section on reproduction). Although this movement could be interpreted 
as a spawning migration, the extent and magnitude of such migrations 
(if any) in the Colorado River system are not known. 
The second sucker was initially tagged in the Walter Walker 
Wildlife Area in October 1975 and was recaptured the following spring. 
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It was collected in a backwater area (26 km upstream from the Wildlife 
Area) with 40 other razorback suckers [Personal communication, G. Kidd, 
Northwest Fishery Research, Clifton, Colorado]. This area had been 
flooded by irrigation flows at that time, but it is dry for most of 
the year. 
All other razorback suckers were recaptured in the flooded gravel 
pit at the Walter Walker Wildlife Area, which indicated a tendency 
to remain in this area of quiet water for extended periods of time. 
Vanicek [1967] recaptured 4 of 13 tagged razorback suckers during 
his study (1963-66). None were recaptured more than 1.6 km from the 
release point and all movement had been downstream. 
Food Habits 
No quantitative data is available concerning the food habits of 
razorback suckers and no fish were sacrificed to determine food 
habits during the present investigation, but limited information on 
this subject is available from earlier publications. Jonez and Swrmer 
[1954] reported that razorback sucker stomachs were full of midge 
larvae and algae. Banks [1964] found algae and plant debris along 
with Ephemeroptera, Tricoptera and Diptera larvae in the stomachs of 
razorback suckers collected during the poisoning of the Green River 
below the site of Flaming Gorge. Vanicek [1967] found the stomachs 
of razorback suckers packed with mud containing Chironomid larvae 
and plant material. 
In the reservoirs of the lower basin, razorback suckers consumed 
large amounts of planktonic organisms [Dill, 1944; Minckley, 1973]. 
Hubbs and Miller [1953] noted that razorback suckers had long gill 
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rakers and suggested that these fish filter plankton from the water. 
This suggestion is consistent with the preference of the razorback 
sucker for quiet, backwater areas. Plankton populations in most large 
rivers are greatest in backwater areas [Hynes, 1970]; however, no 
information is available concerning plankton in the rivers of the 
Colorado River basin. 
Competition for food with introduced species may be a contributing 
factor in the decline of this unique species. Carp are now widespread 
in the Colorado River basin [Minckley, 1973; Holden, 1973] and appear 
to have similar feeding habits. Jonez and Swrmer [1954] observed 
razorback suckers feeding in much the same way and in the same areas 
as carp in Lake Mojave. Furthermore, carp and other species could 
also prey upon freshly spawned eggs of razorback suckers [Jonez and 
Swrmer, 1954]. 
Longnose (Catostomus catostomus) and white (C. commersoni) suckers 
have been introduced into the basin and could also act as competitors. 
Longnose suckers feed on algae, chironomid larvae, amphipods and other 
bottom organisms [Carlander, 1969]. White suckers feed on chironomids, 
entomaostraca, amphipods, fingernail clams, snails and detritus 
[Carlander, 1969]. Native species are less likely to be competitors 
since they evolved together, although the flannelmouth sucker appears 
to feed on similar organisms (see section on flannelmouth sucker food 
habits). The bluehead sucker feeds primarily by scraping algae from 
rocks and is probably not a competitor (see section on bluehead sucker 
food habits). 
FLANNELMOUTH SUCKERJ Catostomus latipinnis 
BAIRD AND GIRARD 
Distribution and Abundance 
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The flannelmouth sucker is the most abundant large fish found in 
the upper Colorado River basin [Vanicek, Kramer, and Franklin, 1970; 
Holden and Stalnaker, 1975a, 1975b; this study]. Only the speckled 
dace (Rhinichthys osculus) and the introduced redside shiner (Richard-
sonius balteatus) are more numerous. Stalnaker and Holden [1975b] state 
that the flannelmouth sucker composes the largest percentage of total 
fish biomass in the upper system and observations during 1974-76 
support their statement. The flannelmouth sucker is not as specific 
in its selection for large river habitat as the other large native 
fishes (e.g., Colorado squawfish, razorback sucker, bonytail chub 
and humpback chub) and is found in many of the smaller tributary 
streams of the system (e.g., Virgin, Duchesne and Little Snake Rivers; 
Figure 13). 
Although the flannelmouth sucker is abundant in the upper basin, 
it is declining along with other native fishes in the lower basin. 
This species was once found in all of the major tributaries of the 
Colorado River in the lower basin, but has since become restricted 
to the Colorado River above Lake Mead and to a short segment of the 
Salt River [Minckley, 1973]. 
The flannelmouth sucker does not appear to survive as well as 
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Figure 13. Historical (open and solid circles) and present (solid 
circles only) distribution of the flannelmouth sucker 
in the Colorado River basin. 
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formed in the lower Colorado River, razorback suckers were considered 
abundant in Lake Mead and common in Lake Mojave, while flannelmouth 
suckers were considered rare in Lake Mojave and were absent from Lake 
Mead [Jonez and Sumner, 1954]. Although the species is known to have 
occurred throughout the lower basin, the relative abundance of 
flannelmouth suckers in the early 19001 s is not known since docu-
mentation is not available. They may have been relatively rare in 
the section of the Colorado River now occupied by Lakes Mead and 
Mojave. 
Dill [1944] and Moffett [1942] gave no indication of the presence 
of the flannelmouth sucker in the lower Colorado River during the 
early 1900's. However, Miller [1961] believed that the species 
probably occurred there even though it was not reported in early 
surveys. Miller stated that it was found in the Salt River during 
the early 1900's and in the San Pedro River prior to the turn of the 
century. The available literature indicates that the flannelmouth 
sucker was probably never as abundant as the razorback sucker in 
the lower basin. 
Wiltzius [1976] indicated that flannelmouth suckers were being 
replaced by the introduced white and longnose suckers in the upper 
Gunnison River. This change was probably due, in part, to the 
construction of dams with cold water releases in the upper Gunnison 
River [Wiltzius, 1976], but may also have been due to other factors 
such as competition with the introduced fish. Flannelrrouth suckers 
are still abundant in the lower Gunnison River [Holden, 1973]. 
Vanicek, Kramer, and Franklin [1970] believed that the cold water 
release from Flaming Gorge Dam had a negative impact on flannelmouth 
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suckers found there. However, the flannelmouth sucker is still 
common to abundant in most reaches of the upper Colorado River basin. 
Adult flannelmouth suckers were collected from all habitats (riffles, 
runs and pools), at all stations during the present investigation, 
but were most abundant in pools (Tables 2, 4, 5, and 6). 
Age and Growth 
Length-weight relationship 
There was no significant difference between the length-weight 
relationships for male and female flannelmouth suckers so the data 
were combined. Flannelmouth suckers from the Colorado and Gunnison 
Rivers (Figure 14) were significantly heavier (p<0.001) than fish 
of equivalent length from the Yampa and Green Rivers (Figure 15). 
Body length-scale radius relationship 
The body length-scale radius relationships were significantly 
different (p<0.001) between flannelmouth suckers from the Colorado 
(Figures 16 and 17) and Yampa Rivers (Figures 18 and 19). Significant 
differences in the relationships for males and females were also 
found (p<0.05 for fish from the Colorado River and p<0.025 for fish 
from the Yampa River). 
Back-calculation of growth 
The use of the scale method for age determination and for back-
calculation of growth of flannelmouth suckers was considered valid 
by the following criteria [Hile, 1941]: 
(1) There is an increase in the number of annuli with an increase 
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Figure 14. Length-weight relationship for male and female flannelmouth suckers from the Colorado and 
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Figure 15. Length-weight relationship for male and female flannelmouth suckers from the Yampa and 










c::: •• • 
Q,) 
_J 
0 200 -~ 






• n = 158 
100 
50 100 150 200 
Scale Radius, mm (x80) 
Figure 16. Relation between scale radius and total body length for male flannelrnouth suckers from the 
Colorado River, 1975. 
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Figure 17. Relation between scale radius and total body length for female flannelmouth suckers from 
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Figure 18. Relation between scale radius and total body length for male flannelmouth suckers from 
the Yampa River, 1975. 
c.n 
O"I 
• • • • • . . .. -· ,. . 
500 • •• • • • ••• • • • • . .·.- • • . -• - •• • E 400 • •• •• • • E • •• - , • .r::. • -C, 300 C: 
Q,) 
--' 
• • • 200 0 
2 -~ TL= 1.8182 +3.5187 SR+ 0.0131 SR 
3 




50 100 150 200 
Sea le Radius, mm (x 80) 
Figure 19. Relation between scale radius and total body length for female flannelmouth suckers from 
the Yampa River, 1975. c.n -...J 
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(2) The modes in the length frequency distribution of small 
fish corresponded well with the modal lengths of age groups based on 
scale analysis. 
(3) There was agreement between back-calculated lengths and 
corresponding empirical lengths of younger age groups whose ages had 
been determined by the examination of scales. 
(4) There was agreement among different year classes to the 
"goodness" or "poorness" of growth in certain calendar years. 
Annulus formation occurred in June and July; all flannelmouth 
suckers collected after mid-July had formed an annulus. Scales began 
forming on young of the year as small as 25 mm TL and covered the 
entire bodies of juvenile fish over 40 mm TL. 
The oldest fish examined in this study was a 9 year old female 
(588 mm TL) that was collected from the Colorado River (Table 11). 
Although it was the oldest fish observed during this study, several 
7 and 8 year old fish were larger. Both males and females from the 
Yampa River (Table 12), as well as males from the Colorado River 
(Table 11) reached 8 years of age. There was no indication that 
females lived significantly longer than males. The total lengths of 
older fish were variable which resulted in considerable overlap in 
size between age groups. Fish that were 5 and 6 years old dominated 
the collections, but this difference probably reflects sampling bias 
rather than indicating strong year classes. Age I fish were easily 
captured by seining, but fish from age groups II and III were not 
readily captured with trammel nets or seines. They were found in 
water depths that could not be adequately sampled with seines. 
Electrofishing equipment was used to obtain most of these specimens. 
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Table 11. Mean calculated total length at the end of each year of 
1 ife for flannel mouth suckers from the Colorado River, 1975. 
Year Age Number 
Mean calculated total length at each annulus (mm) 
Class Group of Fish 1 2 3 4 5 6 7 8 9 
FEMALE 
1974 5 65. 6 
(3. 7)a 
1973 II 63. l 105.0 
( - } ( - ) 
1973 III 17 75.6 147.3 248. 7 
(13.0) (46.4) (54.5) 
1971 IV 14 69.8 126.8 251. 1 348. 3 
(6. 7) ( 32. 9) (44.8) (41.5) 
1970 V 30 69.9 133. 3 247.3 358.6 423.0 
(6.1) ( 35.4) ( 38. 6) (41.0) ( 36. 7) 
1969 VI 33 70.5 131. 3 260.7 274.9 443.9 474. 7 
( 7 .0) (42.5) (60. 3) (53. 3} (46.0) (35.4} 
1968 VII 26 68.9 115. 2 226.6 344.0 424.2 472.4 291. 7 
(4. 3) (26.9) (47 .6) (48. 3) ( 44. 3) (32. 9} (23. 6) 
1967 VI II 7 68. 5 120.8 217.9 335.8 435. 8 482.6 496.7 501. 7 
(4.5) ( 39. 3) (46.8) ( 45. 5} (44. 7) ( 31. 6} (20. 3) ( 11. 9} 
1966 IX 66.6 111. 6 255. l 365.9 444.5 481. 0 505.3 511. 3 514.3 
( - } ( - } ( - ) ( - ) ( - } ( - ) ( - } ( - } ( - } 
--------------------------------------------------------------------------------------------------------------
Average 70. 1 128.6 245.8 357. 5 431.8 474.9 493.8 505.5 514.3 
Increments 70. 1 58.5 117. 2 111. 7 74. 3 43.1 18.9 11. 6 8.3 
Number 134 129 128 111 97 67 34 9 1 
MALE 
1974 6 51. 9 
(8. 7) 
1973 II 63.5 114. 6 
( - } ( - } 
1972 III 16 58. 5 138. 3 250. 7 
( 8. 5) (27.0) (34. 2) 
1971 IV 25 57.8 138. 6 269.2 357. 2 
(9.6) ( 35. 3) (40.5) ( 35.9) 
1970 V 47 56.4 120.7 250.6 350. 3 407. 7 
(10.4) ( 35. 8) ( 41. 6) ( 36. 5} (29.2) 
1969 VI 41 56.5 124.6 246.4 348. 3 412.0 443.0 
(8. 3) (43. 2) (44.8) (42.4) 32. 1) (24.8) 
1968 VII 18 57 .4 125.3 253.8 358.2 427.4 454.5 466.7 
(11.1) (43.9) (58.4) (49.9) ( 30. 5) (16.8) ( 11.0) 
1967 VIII 3 58.9 151. 3 249.0 345. 9 416.4 448.0 468.1 476.2 
( 10. 2) ( 32. 9) ( 18.4) (50.0) (42.4) (42.9) (6.1) ( 3. 6) 
-------------------------------------------------------------------------------------------------------------
Average 57 .0 127.5 252.9 351. 9 412.8 446.6 466.9 4 76. 2 
Increments 57.0 70. 5 125.4 99.0 60.8 33.8 20.3 9.3 
Number 157 151 150 134 109 62 21 3 
a Standard deviation is in parentheses. 
Table 12. Mean calculated total length at the end of each year of 
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Because fish were only sampled during one year, the domination of the 
population by strong year classes was not documented. 
Females attained larger sizes than males from the same river 
(Figures 20 and 21). Individuals from the Colorado River attained 
larger sizes than individuals of the same sex from the Yampa River, 
although fish from the Yampa River grew faster in the younger age 
groups. Females are larger than males after age group IV, when both 
sexes began to mature. Females under age IV from the Yampa River were 
smaller than males of equivalent age. However, females from the 
Colorado River were larger than males at age I and II and smaller at 
age III. Growth increments of all fish were greatest during the 
third year of life and declined steadily thereafter. Females from the 
Yampa River grew less during the second year of life than the first, 
but all other fish exhibited faster growth during the second year. 
The growth of flannelmouth suckers was better in some years than 
in others. For example, 1972 was a good year for fish growth in the 
Yampa River since males and females of several year classes (i.e., 
year class 1969 between age III and IV; year class 1970 between age 
II and III, etc) had better than average growth in that year. Fish 
from the Colorado River grew at an average rate during 1972; however, 
growth during 1971 was consistently greater than average (i.e., year 
class 1967 between age IV and V; year class 1968 between annulus 
III and IV; year class 1969 between age II and III, etc). Growth 
of age group I was rarely consistent with growth of the other age 
groups present in the populations, which is probably related to the 
food habits of the young fish. 

























Growth in total length (upper curves) and length increments 
























Figure 21. Growth in total length (upper curves) and length increments 
(lower curves) of flannelmouth suckers from the Yampa 
and Green Rivers, 1975. 
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suckers from the Green River. Their mean total lengths for age 
groups II and III were 165 and 295 mm respectively, which are quite 
close to the back-calculated total lengths for fish from the Yampa 
River in this study. A single specimen of age group I was collected, 
having a total length of 104 mm, which is larger than any obtained in 
this study. McDonald and Dotson [1960] reported mean total lengths 
of 319, 356 and 363 mm for age groups IV, V, and VI respectively. 
These lengths are smaller than any obtained in this study. The 
increments of growth between age groups III-IV and V-VI in McDonald 
and Dotson's study were quite small which may be attributed to small 
sample sizes. 
Wiltzius [1976] determined the ages of 416 flannelmouth suckers 
from the lower Gunnison River. His average total lengths for the 
different age groups were consistently 10 to 20 rrrn smaller than the 
back-calculated lengths at time of annulus formation that were 
calculated in this study. Wiltzius determined mean lengths from 
empirical data collected in summer and fall before growth in that 
year was completed. Thus, his data is in agreement with that 
collected during this study. 
Reproduction 
Spawning period 
Flannelmouth suckers spawned during May and June in the upper 
Colorado River basin when water temperatures were from 6 to 12 C. 
Ripe males (i.e., exuding sperm) were collected in early April and 
ripe females (i.e., exuding eggs) were collected in May. Males 
with tubercules were captured through July, but no ripe females 
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were collected after early June. Holden [1973]made similar observations 
on spawning of flannelmouth suckers. 
Flannelrnouth suckers were reported to make spawning migrations 
similar to other catostomids [Simon, 1946; La Rivers, 1962], but no 
indication of such movements was observed during this investigation. 
Flannelmouth suckers were abundant during the entire year in areas 
where they were observed to spawn. 
Ripe male and female flannelrnouth suckers were collected over the 
same gravel bars used by razorback suckers in the Yampa and Colorado 
Rivers (Figure 7). Although spawning was not actually observed, the 
presence of ripe females indicated that spawning areas occurred 
nearby. Ripe female flannelmouth suckers were collected only over 
the gravel bars. Flannelmouth suckers apparently reproduced 
successfully both years of this study; young of the year flannelmouth 
suckers were readily captured from backwater areas at all stations 
except the gravel pit in the Walter Walker Wildlife Area. No young 
flannelmouth suckers were found in the gravel pit even though they 
were abundant in the nearby Colorado River. 
Maturity 
Females were judged to be mature by the presence of large, 
opaque, yellow eggs in the ovary. The diameters of preserved, mature 
ova ranged from 1.99 to 2.15 mm, with a mean of 2.39 (n=49). Although 
there was a general increase in ova diameter with increase in fish 
length, the relationship was not significant. 
Males were considered mature when the testes were enlarged and 
white. Milt was usually emitted when slight pressure was exerted 
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on the abdomen. Mature males had tubercles on the anal and lower 
caudal fins during the spawning period. Males and females collected 
from the spawning bars exhibited a pronounced black stripe along the 
lateral line which faded rapidly after the fish was removed from the 
water. 
Male and female flannelmouth suckers from both rivers began 
maturing at age IV and most were mature by age VI; all fish were 
mature by age VIII (Table 13). The smallest mature female flannel-
mouth sucker from the Colorado River was 421 ITITI total length (TL) 
and the largest was 565 mm TL (Table 14). All females greater than 
490 mm TL were mature. The smallest mature male flannelmouth sucker 
was 391 mm TL and the largest was 526 mm TL. All males from the 
Colorado and Gunnison Rivers were mature when they were 470 mm TL or 
larger. 
The largest mature male collected from the Yampa River was 
508 mm TL, while the smallest mature male was 393 mm TL. All males 
were mature at 460 mm TL. The largest mature female from the Yampa 
River was 574 mm TL, and the smallest was 405 mm TL; all were mature 
at 470 mm TL. 
Fecundity 
Fecundity showed a tendency to increase with age but was extremely 
variable within age groups due to the large range of fish sizes within 
age groups (Figures 22 and 23). Percentage error in estimating 
fecundity was small and should not have contributed substantially to 
the variability (Table 15). Flannelmouth suckers from the Yampa River 
produced significantly fewer eggs (p<0.001) than fish from the Gunnison 
Table 13. Relation of age to sexual maturity for flannelmouth suckers from the Colorado and Yampa 
Rivers, 1975. 
Yam~a River Colorado River 
Male Female Male Female 
Number Percent Number Percent Number Percent Number Percent 
Age of fish mature of fish mature of fish mature of fish mature 
IV 23 26. l 13 15.4 14 42.9 5 40.0 
V 52 59.6 52 65.4 16 68.8 22 59. l 
VI 59 44. l 36 83.3 19 84.2 39 94.9 
VII 27 96.3 32 100.0 11 100.0 33 93.9 
VI II 5 100.0 9 100.0 l 100.0 10 100.0 
IX l 100.0 
Table 14. Relation of size to sexual maturity for flannelmouth suckers from the Yampa, Green, 
Colorado, and Gunnison Rivers, 1975-76. 
Colorado and Gunnison Rivers Yam~a and Green Rivers 
Total Female Male Female Male 
length Number Percent Number Percent Number Percent Number Percent 
( lTITI) of fish mature of fish mature of fish mature of fish mature 
381-390 3 0 4 0 l 0 3 0 
391-400 3 0 6 17 1 0 1 100 
401-410 l 0 6 33 5 20 3 100 
411-420 2 60 7 71 2 0 5 80 
421-430 5 0 6 67 7 43 7 100 
431-440 2 60 6 100 3 67 19 100 
441-450 9 75 11 91 5 40 18 94 
451-460 4 80 14 93 6 67 12 92 
461-470 5 100 16 100 14 93 11 100 
471-480 7 92 14 100 9 100 11 100 
481-490 14 100 12 100 5 100 9 100 
491-500 15 100 6 100 9 100 l 100 
501-510 8 100 5 100 13 100 4 l 00 
511-520 9 100 2 100 10 100 
521-530 13 100 l 100 3 100 
531-540 7 100 5 100 
541-550 5 100 3 100 
551-560 7 100 
561-570 l 100 2 100 
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Figure 22. Age specific fecundity of female flannelmouth suckers 
from the Gunnison River, 1976. Note: line connects 
mean values, bars indicate one standard deviation, and 
vertical lines show the range. 
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Figure 23. Age specific fecundity of female flannelmouth suckers 
from the Yampa River, 1975. Note: line connects mean 
values, bars indicate one standard deviation, and 
vertical lines show the range. 
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Table 15. Percentage error in estimating fecundity of flannelmouth 
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or Colorado Rivers (Figures 24, 25, 26); fish from the Gunnison River 
also produced significantly fewer eggs (p<0.05) than flannelmouth 
suckers from the Colorado River. Flannelmouth suckers from the Yampa 
River that measured 450 mm TL produced about 9,827 eggs, while fish 
of an equivalent length from the Gunnison and Colorado Rivers produced 
12,719 and 15,894 eggs respectively. 
Food Habits 
c. latipinnis has been considered an omnivore since it consumes 
algae, organic detritus and invertebrates [Sigler and Miller, 1964]. 
Fish from the Salt River, Arizona, consume large amounts of benthic 
invertebrates [Minckley, 1973]. Aquatic invertebrates (Diptera, 
Ephemeroptera and Tricoptera) appear to be the most important summer 
food items for this species in the Virgin River [Cross, 1975]. 
Organic detritus, filamentous algae, and amphipod larvae were also 
utilized by most fish examined by Cross. 
Bartschi [1964] noted a change in food habits with size of fish 
and season in the Green River. Flannelmouth suckers smaller than 
80 mm fed exclusively on copepods while those longer than 200 mm TL 
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Figure 24. Relation between total length and fecundity for flannel-
mouth suckers from the Yampa River, 1975-76. 
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Figure 25. Relation between total length and fecundity for flannel-
mouth suckers from the Gunnison River, 1976. 
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Figure 26. Relation between total length and fecundity for flannel-
mouth suckers from the Colorado River, 1975. 
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diet as fish size increased. Diptera were eaten by all sizes of fish, 
primarily in late spring and summer, while Ephemeroptera increased in 
importance during the late summer and fall. Plecoptera nymphs were 
utilized as food by flannelmouth suckers to a lesser degree than 
Diptera or Ephemeroptera larvae. Food habits of this species appeared 
to change with the availability of food organisms, indicating that 
it is an opportunistic feeder. 
BLUEHEAD SUCKER 0dtostomus discobolus) COPE 
Distribution and Abundance 
The indigenous blueheadsucker has a more extensive range than 
either the flannelmouth or razorback suckers (Figure 27). It is 
found in the upper Snake River drainage of Idaho and Wyoming, the 
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Weber and Bear River drainages of Utah and Wyoming, and the Colorado 
River system above the mouth of the Grand Canyon [Smith, 1966; Minckley, 
1973]. The distribution of theblueheadsucker has changed very little 
since man began to alter the Colorado River, with the exception of 
areas directly affected by large dams and the resulting impoundments 
[Vanicek, Kramer, and Franklin, 1970; Holden and Stalnaker, 1975a, 
1975b]. 
The bluehead sucker was common to abundant in most areas sampled 
during this investigation (Figure 2). The bluehead appeared to be 
more discriminate in its selection of habitat than the flannelmouth 
sucker and consequently was more restricted in distribution. c. 
disccholus was most abundant in riffle areas or swift runs over rock 
bottoms and was scarce or absent if this habitat was not available. 
Bluehead suckers occurred commonly in all collections along the 
Yampa River (Table 3), and were collected throughout the year in 
Echo Park (Table 2). They were rare in collections made in the 
gravel pit at the Walter Walker Wildlife Area, but were abundant in 
the nearby Colorado River (Table 5). Large numbers of bluehead 










Figure 27. Distribution of the bluehead sucker in the western United 
States. Data from Figure 17 in Smith [1966]. 
78 
at stations farther downstream (Table 6). Collection points in the 
lower Green River consisted of long stretches of flat water with 
sandy bottom that were not utilized by bluehead suckers. 
c. disrobolus is polymorphic throughout the Colorado River basin, 
with the most obvious morphological difference occurring in the depth 
of the caudal peduncle. Forms with narrow caudal peduncles are 
believed to inhabit the swift, deep sections of the main rivers while 
forms with thick caudal peduncles occur in the headwater streams of 
the Colorado River and in the Weber, Bear, and Snake River drainages 
[Smith, 1966; Minckley, 1973]. Specimens that were intermediate in 
the depth of the caudal peduncle were primarily observed during 
this study, but fish with extreme forms of the caudal peduncle were 
taken occasionally. No difference in habitat preference between the 
extreme forms was discernable, because on several occasions both 
forms were taken in the same location and at the same time. 
Reproduction 
Spawning period 
Bluehead suckers spawned later than flannelroouth and razorback 
suckers in the Colorado River system. Holden [1973] reported 
collecting ripe females from mid-June to mid-July in Echo Park. 
Vanicek [1967] began collecting young of the year bluehead suckers 
in August and September in the Green River. Andreasen and Barnes 
[1975] reported bluehead suckers spawned in the Weber River (Utah) 
in June 1972, when water temperatures were 6 to 8 C. Holden [1973] 
reported water temperatures of 15-18 C in the Yampa River when 
bluehead suckers were ripe. 
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Maturity 
In spring collections, mature females were recognized by the 
presence of large, yellow eggs. Ova size was variable and although 
there was a general increase in egg diameter with increase in total 
length, the relationship was not significant as has been determined 
for other suckers [Hauser, 1969; Brown and Graham, 1953]. Diameters 
of preserved, mature ova ranged from 1.22 to 2.26 mm, with a mean 
of 1.87 mm (n=79). Andreasen and Barnes [1975] reported mature eggs 
of bluehead suckers to be 1.55 to 2.25 mm in diameter. Recruitment 
eggs (eggs that would be released the following year) were also 
present in the ovaries of mature females, but could readily be 
separated from mature ova by their transparent white color and small 
size [Andreasen and Barnes, 1975]. 
The smallest mature female collected from the Colorado or 
Gunnison Rivers during this investigation was 313 mm total length (TL) 
and the largest was 435 mm TL (Table 16). All females over 380 mm TL 
were mature. The smallest mature male was 305 mm TL and the largest 
was 416 mm TL. All males greater than 380 mm TL were mature. 
The smallest mature female collected from Echo Park was 345 mm TL 
and the largest was 429 mm TL. 
and the largest was 389 mm TL. 
The smallest mature male was 323 mm TL 
All males greater than 360 mm TL and 
females larger than 370 mm TL were mature. 
Collections from the Yampa River were biased for mature fish 
because the only gear used were trammel nets that captured larger 
individuals. Electrofishing gear and trammel nets were used in the 
Colorado and Gunnison Rivers which resulted in a more representative 
sample. 
Table 16. Relation of size to sexual maturity for bluehead suckers from the Yampa, Green, Colorado, 
and Gunnison Rivers, 1975-76. 
Colorado and Gunnison Rivers Yam~a and Green Rivers 
Total Female Male Female Male 
1 ength Number Percent Number Percent Number Percent Number Percent 
(mm) of fish mature of fish mature of fish mature of fish mature 
301-310 3 33 
311-320 3 66 3 67 
321-330 2 100 5 80 2 100 
331-340 6 67 7 57 1 l 00 
341-350 11 82 15 80 l 100 4 100 
351-360 . 5 100 5 80 2 50 5 80 
361-370 12 92 6 83 6 83 4 100 
371-380 7 86 20 95 5 100 3 100 
381-390 18 100 8 100 2 100 8 100 
391-400 17 100 5 100 4 100 
401-410 1 100 5 100 
411-420 4 100 l 100 2 100 
421-430 4 100 2 100 
431-440 3 100 
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Size at maturity varies throughout the Colorado River basin. Fish 
from the small tributaries do not reach the large sizes attained in 
the main rivers and consequently mature at a smaller size. Fish as 
small as 79 mm TL are mature in the San Juan and Little Colorado 
Rivers [Smith, 1966]. 
Fecundity 
The relationship between fecundity and total length for bluehead 
suckers collected in Echo Park in 1975 was significantly different 
than the relationship for fish collected in 1976 (p<0.05; Figure 28). 
Data on fecundity for bluehead suckers from the Colorado River (1975) 
and the mouth of the Gunnison River (1976) were combined because there 
was no significant difference between the two relations (Figure 29). 
The difference between fecundity-total length relationships for fish 
from the Colorado-Gunnison and Yampa River was highly significant 
(p<0.001). Bluehead suckers from the Colorado River produced more 
eggs than fish of similar sizes from the Yampa River. The error in 
estimating fecundity by the gravimetric method was minimal (Table 17) 
and does not account for the observed variability in the estimates 
of fecundity. 
The fish examined in this study produced fewer eggs than bluehead 
suckers examined by other investigators. Smith [1966] estimated that 
a 319 mm TL bluehead sucker from the Green River contained 8,500 eggs. 
A fish of equivalent size from the Yampa River would have produced 
5,450 eggs in 1975 or 5,050 eggs in 1976, based on the regression 
equations calculated during this study. A fish of similar size 
from the Colorado River would have produced 7,761 eggs. 
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Figure 28. Relation between fecundity and total length of bluehead 
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Relation between fecundity and total length of bluehead 
suckers from the Colorado (1975) and Gunnison (1976) 
Rivers. 
Table 17. Percentage error for estimated fecundity of bluehead 
suckers using the gravimetric method. 
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Total Weight Actual Estimated Percentage 
length (mm) ( g) no. of eggs no. of eggs error 
392 640 9,938 9,547 -3. 9 
403 780 11,790 11,953 -1. 3 
406 980 14,367 14,589 -1. 5 
Food Habits 
The cartilage sheath on the jaws of C. discoboZus are adapted 
for scraping algae and other material from rocks in the stream 
[Minckley, 1973]. Bluehead suckers have been observed on their sides 
and upside down when moving over the faces of boulders while feeding 
[Sigler and Miller, 1964]. Diatoms, free-living bacteria and other 
microscopic organic matter are also consumed by bluehead suckers 
[Smith, 1966]. In the larger rivers they consume substantial 
quantities of benthic invertebrates l}JinckZey, 1973]. The mountain 
sucker (c. phatyrhynchus), a closely related species, also feeds 
principally upon diatoms and algae. Dipteran larvae and other 
aquatic invertebrates are consumed to a limited degree [Hauser, 1969]. 
Hauser stated that diatoms were the most important food item 
consumed by mountain suckers in Montana; however, aquatic macrophytes, 




Hybrids between catostomid fishes may be increasing in the 
Colorado River basin. Three hybrids were reported recently from the 
study area -- X. texanus x C. latipinnis, C. Zatipinnis x C. commersoni 
and C. discobolus x C. corrmersoni -- [Holden and Stalnaker, 1975b], and 
another (c. latipinnis x C. disoobolus) was reported earlier [Hubbs 
Hubbs, and Johnson, 1943; Hubbs and Hubbs, 1947]. Only X. texanus x 
c. latipinnis was observed during this study; three specimens were 
collected from the gravel pit in the Walter Walker Wildlife Area on 
the Colorado River and five were found at Echo Park on the Yampa River. 
Holden [1973] reported nearly as many of this hybrid (40) as he did 
razorback suckers (52). 
C. latipinnis x C. commersoni and C. discobolus x C. corrmersoni 
hybrids have resulted directly from alteration of Ll1e river system 
by man. c. corrmersoni, an introduced species, is now common in 
many reaches of the Colorado basin. Only one c. discobolus x c. 
latipinnis cross was reported from the upper basin [Hubbs, Hubbs, and 
Johnson, 1943] and this hybrid has not been collected since that time. 
The X. texanus x C. latipinnis hybrid was first reported in 1889 
[Jordan, 1891] and has been reported occasionally since that time 
[Hubbs and J.t;iller, 1953; Banks, 1964; Vanicek, KX'amer, and Franklin, 
1970; Holden and Stalnaker, 1975b]. However, the incidence of this 
hybrid appeared to be increasing in the upper basin [Holden and 
Stalnaker, 1975b]. This increased incidence might be expected in an 
altered system where one fish is more abundant than a closely related 
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fish, with both species having similar reproduction requirements. 
Spawning razorback and flannelmouth suckers were collected together 
from the same habitat during this study, so that hybridization could 
easily occur. 
The decreased incidence of X. texanus x C. Zatipinnis hybrids 
in this study does not necessarily indicate fewer hybrids in the 
system, but may be due to variations in sampling locations or other 
factors. Mis-identification of younger hybrids is possible because 
of their close resemblance to the flannelmouth sucker. However, large 
individuals are readily apparent due to their small dorsal ridge and 
intermediate lip structure. 
Most specimens of X. texanus x c. Zatipinnis were not mature. 
However, a large female was collected in Echo Park in May 1975, with 
large ova that appeared to be maturing. Whether these eggs would 
have been viable is unknown. 
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DISCUSSION 
There are consistent differences in growth and fecundity between 
fish from the Colorado River and the Green and Yampa Rivers: 
1. Razorback suckers from the Colorado River were significantly 
longer than fish of the same ages from the Green or Yampa Rivers. 
2. Flannelmouth suckers from the Colorado River were signifi-
cantly heavier than fish of equivalent lengths from the Green and 
Yampa Rivers. 
3. Flannelmouth suckers from the Colorado River produced 
significantly larger numbers of eggs than fish of equivalent lengths 
from the Green and Yampa Rivers. 
4. Bluehead suckers from the Colorado River produced signifi-
cantly larger numbers of eggs than fish of equivalent lengths from 
the Green and Yan~a Rivers. 
The growth rate of fishes is affected by a variety of factors 
[Nikolski, 1963; Weatherley, 1972] with water temperature as an 
extremely important variable [Weatherley, 1972]. Adequate or excess 
food may be available, but growth may be reduced at temperatures 
that are not optimal for the species. For this reason the faster 
growth rate of fish from the Colorado River may be due to temperature 
differences between the rivers. The Green River is usually 10 to 20 C 
cooler than either the Yampa or Colorado Rivers during the summer 
months [U. s. Geological Survey, 1961-75]. Fish from Echo Park were 
collected in the Green River and in the lower 2 km of the Yampa River 
and may have spent considerable time in the cooler water of the Green 
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River. Movement between the Green and Yampa Rivers was documented 
for the razorback sucker during this study. Fish that remained in 
the Green River for long periods, particularly during the summer 
months when most growth occurs, could exhibit a reduced growth rate. 
Vanicek and Kramer [1969] documented a decline in the growth of 
Colorado squawfish (Ptychocheilus lucius) and roundtail chub (Gila 
robusta) in the Green River after the closure of Flaming Gorge Dam. 
They attributed this reduction in growth rates for these species to 
the alteration of the natural temperature regime of the Green River 
due to cold-water releases from Flaming Gorge Dam. 
Growth of rainbow trout (Salmo gairdneri) in the Green River 
immediately below Flaming Gorge Reservoir has declined as a direct 
result of the cold water released from the dam [U. s. Bureau of 
Reclamation, 1975]. While the impoundment was filling, the river 
below the dam supported an excellent trout fishery because the water 
temperature was conducive to good growth. However, after the 
reservoir was completely filled in 1967, colder water releases from 
the hypolimnion of the reservoir caused a reduction in the inverte-
brate population and a drastic decline in trout growth. Although 
the river has warmed somewhat before reaching the confluence with 
the Yampa River (105 km downstream), this water is still colder 
than recorded before the closing of the dam. The cold water in 
the Green River probably had a negative impact upon growth of the 
three suckers similar to the effect on growth of rainbow trout 
immediately below the dam. 
Factors other than temperature can influence the growth of 
fishes (e.g., food supply, population size, etc.), but data on 
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these factors have not been collected in the large rivers of the basin. 
Earlier studies have been limited to the description of the major 
fauna (fish and invertebrates) and their relative abundance. 
Studies of population size, fish movement, primary productivity and 
other ecological factors that could affect the growth of fish cannot 
be studied readily in these large rivers. 
Quantitative sampling of fish populations in rivers like the 
Yampa, Green or Colorado is extremely difficult. No technique can 
accurately sample the deep, swift water that is characteristic for 
long reaches of the rivers. Present methods of sampling can provide 
indices of relative abundance by species, but population estimates 
cannot be made with reliability. Data on relative abundance are 
also questionable because of selectivity of sampling gear and inherent 
sampling bias. In addition, quantitative data on the invertebrates 
that provide the food source for these fish are also difficult to 
assess [Pearson, 1967]. 
Productivity of large, turbid rivers is generally low, which 
is undoubtedly true for the Green, Yampa and Colorado Rivers [Utah 
Water Research L:iboratory, 1975]. The continuously shifting sand 
substrate in the rivers of the Colorado River basin is a poor 
substrate for plant life and invertebrates. In general, aquatic 
insects and algae are more abundant in riffles with rubble and boulder 
substrates. Energy sources are predominantly allochthonous for 
rivers of this size. No attempt has been made to monitor the 
productivity of the rivers or to monitor the detrital imputs to the 
system. 
Productivity may be higher in the Colorado River than in the 
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Green River as indicated by algal blooms caused by nutrient additions 
to the Colorado River from agricultural, municipal and industrial 
sources near Grand Junction, Colorado [Utah Water Research I.aboratory, 
1975]. Although a few small towns and small amounts of agriculture 
occur along the Yampa River, the Green and Yampa Rivers flow through 
relatively natural areas, as compared to the Colorado River, and 
nutrient additions are probably minimal. 
Bagenal [1969] indicated that fish with a fast growth rate 
produced more eggs than fish of equivalent lengths that grew more 
slowly. Thus, the same factors that caused the observed differences 
in growth rate probably had the same effect on the fecundity of the 
suckers. 
The Green River resumes its natural temperature regime as it 
gains warmer water from the Yampa River. The ameliorating impact 
of the Yampa River on the Green River is believed to be important 
to the razorback sucker and the other native fish in the river system. 
Vanicek, Kramer, and Franklin [1970] documented the reduction in 
native fish populations of the Green River above the mouth of the 
Yampa River after the closure of Flaming Gorge Reservoir. The four 
endangered fish were eliminated from the Green River above the 
confluence with the Yampa at this time. The decline was associated 
with alterations in temperature, streamflow, turbidity and other 
characteristics of the river. The Yampa River modified the water 
conditions in the Green River such that historical conditions were 
partially restored and the endangered fish were able to survive 
below the confluence of the two rivers. 
The Yampa River is the largest free-flowing river that remains 
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in the Colorado River basin. In this basin, about one-fourth (22%) of 
the river mileage is inundated by reservoirs [Utah Water Research 
I.ahoratory, 1975] and most of the remaining reaches have been negatively 
impacted by releases from these reservoirs. Alterations to the 
natural temperature regime of the Yampa River would be extremely 
detrimental to the native fauna, particularly the four threatened or 
endangered fish. The Green River, from the confluence with the Yampa 
River to its mouth in Canyonlands National Park, contains the 
majority of the remaining large-river habitat in the Colorado Basin. 
The Colorado River Fish Recovery Team has suggested that this stretch 
of river be designated as "Critical Habitat" for the Colorado 
squawfish [Personal communication, J. E. Johnson, U. S. Fish and 
Wildlife Service, Albuquerque, New Mexico]. Any changes in water 
conditions that occur upstream, such as in the Yampa River, could 
significantly reduce the remaining habitat of these four endangered 
fish. 
Water from the Colorado River basin is a valuable resource in 
the arid western United States. It has played a major role in the 
development of the west and will become even more important in the 
future [Crawford and Peterson, 1974]. Additional water development 
in the basin will cause the further decline and/or extinction of 
most of the endemic fish fauna. The rationale for the preservation 
of our endangered fauna has been thoroughly discussed [k~ller, 1961, 
1963 and 1972; Minckley, 1965; Minckley and Deacon, 1968; Deacon, 
1968; U.S. Fish and Wildlife Service, 1969; Constantz, 1974; Fister, 
1974 and 1976; Reiger, 1977] and this rationale applies to the unique 
fish of the Colorado River basin. The importance of our native fauna 
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must be thoroughly evaluated by the public and by management agencies 
so that effective, comprehensive planning can be made during 
development of the basin. Extinction is a permanent phenomenon and 
hindsight will not recreate the unique fish of this river. 
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MANAGEMENT RECOMMENDATIONS 
Recently, proposals have been made to build backwater areas such 
as that in the gravel pit at the Walter Walker Wildlife Area near 
Grand Junction, Colorado, to replace the diminishing habitat of the 
native fish fauna. Many backwater areas along the Colorado River 
have been eliminated by irrigation development. But creating areas 
such as the gravel pit will not necessarily alleviate the pressures 
upon the native fish, because the gravel pit created the wrong type 
of backwater. This backwater is nearly separated from the main river 
except for a small channel (6 mm wide) that allows only a slight 
water exchange with the Colorado River. 
During the summer months, water temperatures in the gravel pit 
are usually 10 to 15 C higher than those found in the Colorado River. 
The higher temperatures may be detrimental to the razorback sucker. 
High mortalities occurred for native fish collected from the pit in 
the summer. These increased mortalities were attributed to the 
capture and handling of fish that were already highly stressed from 
the increased water temperatures. Razorback suckers collected in the 
early fall were in extremely poor condition. Lernea sp. were found 
in large numbers in Colorado squawfish and razorback suckers. In 
addition, the opercles of many razorback suckers contained large 
open sores from an unidentified bacterial infection. By the following 
spring, fish collected from the gravel pit had recovered from the 
infections and contained fewer parasites. Fish collected from river 
habitat in the fall were not infected with parasites or diseases. 
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The gravel pit also supported large populations of introduced 
fish, particularly green sunfish (Lepomis cyanellus) and largemouth 
bass (Micropterus salmoides). These two species are potential 
predators upon young razorback suckers. Razorback suckers and other 
native fish attempted to spawn in the gravel pit in 1975, but no 
young of the year of any native fish were found. Many factors could 
be responsible for this reproductive failure, but predation upon 
the eggs, larvae and juveniles could be extremely important in 
lowering recruitment. 
Backwater areas that closely approximate the river environment 
would be better than areas such as the Walter Walker Wildlife Area. 
Smaller backwater areas where water is able to exchange easily with 
the main river would be more beneficial as habitat for the razorback 
sucker and other native fish. Competition and predation from 
introduced species would be less in such areas. However, short-term 
management practices such as making artificial backwaters should 
not take precedence over long-term protection of 11critical 11 reaches 
of river. 
The gravel pit in the Walter Walker Wildlife Area should be 
closely studied in the future, because important aspects of the 
biology and ecology of native fishes can be determined there. Future 
studies should place special emphasis upon the egg, larval and 
juvenile stages, because lack of recruitment appears to be the 
important factor in the decline of the razorback sucker. The 
distribution of the razorback sucker and other indigenous species 
should continue to be monitored to improve the knowledge of the 
abundance of these species. Future investigations should also 
concentrate on the micro-habitat requirements of the native fishes. 
Meanwhile, every reasonable effort should be made to prevent the 
continued mutilation of the unique environment inhabited by the 
endemic fish of the Colorado River basin. 
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SUMMARY AND CONCLUSIONS 
Fish collections were made in the Yampa, Green and Colorado 
Rivers to obtain information on the life history of the razorback, 
flannelmouth and bluehead suckers. Movements of the razorback sucker 
were monitored to determine the importance of the Yampa River as 
habitat for spawning. 
During this investigation, razorback suckers were found in 
relatively large numbers at two locations in the study area: the 
mouth of the Yampa River during late fall and early spring and in 
a flooded gravel pit connected to the Colorado River (Walter Walker 
Wildlife Area) near Grand Junction, Colorado thoughout the year. 
Razorback suckers apparently left the lower reaches of the Yampa 
River in June. The movement was associated with a decline in 
streamflow and an increase in water temperature. Most razorback 
suckers remained in the gravel pit, although two individuals were 
later recaptured in the Colorado River. Relatively few razorback 
suckers were collected in the mainstem of the Colorado River. 
Flannelmouth suckers were abundant at all sampling locations and 
were found in all available habitats (pools, riffles, and glides) 
and over all substrates (sand, silt, and cobble). Bluehead suckers 
were found in large numbers in riffle areas with cobble or boulder 
substrates, but they were reduced in numbers or absent entirely 
where this habitat was not available. 
Razorback and flannelmouth suckers spawned in May and early 
June when water temperatures were 7 to 15 C. Both species used the 
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same habitat for spawning. Bluehead suckers spawned in mid-June to 
early July when water temperatures were above 15 C. Flannelmouth and 
bluehead suckers reproduced successfully during both years of this 
study, but evidence of successful reproduction by razorback suckers 
was not found. 
Several distinct differences in growth and fecundity were observed 
between the Colorado and Green and Yampa Rivers: 
1. Razorback suckers from the Colorado River were significantly 
longer than fish of the same age from the Green or Yampa Rivers. 
2. Flannelmouth suckers from the Colorado River were signifi-
cantly heavier than fish of equivalent lengths from the Green and 
Yampa Rivers. 
3. Flannelmouth suckers from the Colorado River produced 
significantly larger numbers of eggs than fish of equivalent lengths 
from the Green and Yampa Rivers. -
4. Bluehead suckers from the Colorado River produced signifi-
cantly larger numbers of eggs than fish of equivalent lengths from 
the Green and Yampa Rivers. 
These differences are probably due to cooler water temperatures 
in the Green River than are found in the Colorado River. Other 
environmental factors may also have an influence on growth and 
fecundity, but data are not available for comparison between the 
rivers. 
The temperature regime of the Green River approaches the 
historic values downstream from the confluence of the Green and 
Yampa Rivers. The Yampa's ameliorating impact upon the Green River 
is believed to be the primary value of the river to the razorback 
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sucker and the other native fish of the basin. Vanicek, Kramer, and 
Franklin [1970] documented the reduction of native fish populations 
in the Green River above the mouth of the Yampa River after the 
closure of Flaming Gorge Dam. The Yampa River modifies the effect 
of the dam such that pre-impoundment conditions are partially 
restored in the Green River and the endangered fish are able to 
survive below the confluence of the two rivers. Alterations to the 
temperature regime or streamflow pattern of the Yampa River would 
be extremely detrimental to the native fauna, particularly to the 
four fish that are now rare. The best native fish habitat remaining 
in the Colorado River basin is in the Green River between its 
confluence with the Yampa River in Dinosaur National Monument and 
its mouth in Canyonlands National Park. Habitat for native fish 
would be significantly reduced if the Yampa River were modified such 
that it no longer had an ameliorating effect on the Green River. 
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